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Execut 

The objective of the Drainage Design ManualforMaricopa County, Volume I, Hydrology, 
(hereinafter referred to as the Hydrology Manual) is to provide technical procedures for the 
estimation of flood discharges for the purpose of designing stormwater drainage facilities in 
MaricopaCounty. Two methodologies are defined forthe development of design discharges; 
the Rational Method, and rainfall-runoff modeling using a design storm. For small, urban 
watersheds, less than 160 acres and fairly uniform land-use, the Rational Method is 
acceptable. Use of this method will only producc peak discharges and runoff volumes and 
flus method should not be used if a complete runoff hydrograph is needed, such as for routing 
through detention facilities. For larger, more complex watersheds or drainage networks, a 
rainfall-runoffmodel should be developed. The HydrologyManual provides guidance in the 
development of such a model and the estimation of the necessary input parameters to the 
model. Although not necessarily required, the use of the U.S. Army Corps of Engineers' 
HEC- 1 Flood Hydrology Program facilitates the use of the procedures that are contained in 
the Hydrology Manual. (The Hydrology Manual was written to supplemenr the HEC-I 
User S Manual.) 

The Hydr01og)~hfanlial can be used to develop design discharge.magnitudes for storms of 
frequencies up to and including the 100-year event. The design stonn is of 6-hour duration 
and that storm is to be used for the design of all stormwater drainage facilities except 
detention and retention basins. According to the Uniform Drainage Policies and Standard 
forMaricopa County, Arizona (February 25, 1987), all development shall make provisions 
to retain the pe& flow and volume of runoff from rainfall events up to and including the 
1 00-year, 2-hour duration storm falling within the boundaries of the proposed development. 
Accordingly, the criteria to be applied to the 2-hour storm is also provided in the Hydrology 
Manual. 

The rainfall-runoff modeling procedure that is contained in the manual is physically based, 
that is, the procedures are based-to the extent practical-n the physical processes that 
occur during the generation of storm runoff from rainfall. While the basic procedure is 
physically based, this does not assure that the rigorous application of the procedures will, in 
fact, reproduce the actual rainfall-runoff phenomenon of any storm that has occurred or may 
occur in the future. However, the procedure, when applied with good hydrologic judgement, 
should yield consistent rcsults for design purposes. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ " - r - , . ~ ~ ~ ~ * , ~ ~ ~ ~ , . . > , ~ ~ ~ ~ ~ ~ < - * ~ ~ ~ ~ ~ ~ w , ~ ~ . , ~ o ~ ~ ~ ~ - ~ " ~ ~ ~ ~  
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Tnroughout ?he development of the I<yd~ologvhfani~nllhree benchmarks were continually 
applied in judging the applicability c f  individual procedures and the overall methodologies; 
accuracy, practicality, and reproducibility. Accuracy is amexsure ofhow well the results of 
the procedure reproduce the physical process being simulated. Although accuracy is highly 
desired, it is theorctically impossible t~ achlew in an earth science such as hydrology, and 
:n a practical sense, nccuracy is not frayible to assess except for a few situations where 
adequate verification data are available. Ktlative accuracy was assessed throughout the 
development of the procedures in the manual through testing and verification against 
recorded data. 

Practicality is a user's decision regarding the best and most appropriate level of technology 
to apply considcringthe information that is available, anticipated user, consequences of error, 
and desired or required output. Whereas both simpler procedures and more sophisticated 
procedures are availabls, the adopted methodoiogics provide a compromise between these 
hvo extremes, and thc best practical ievt:l oftcchnology is judged to be recommended in the 
manual considering the s:ate of current hydro!or,ic: knowledge ofarid and semi-arid lands. 

Reprodi~cibillty is a characteristic that provides areasonable xssurance that consistent results 
will be achieved by all qualified users. Keproducibility is highly desirable for a design 
standard in order to eliminate-to the extent possible-unnecessary conflicts over the 
interpretation and application of the design method. Reproducibility is achieved through 
clear and concise manual procedures and user guidance. Every effort h a  been made toward 
this end. 

A brief discussion of the contents of each chapter of the HydrologyiMaiizial follows: 

Chapter I ,  Introdi~ction: The introduction states the purpose, scope and limitaiions, and 
g ~ e r a l  use of the manual. 

Chaptcr?., Rainfall: The characteristics of severe storms in MaricopaCounty are documented 
as a setting for defining the design rainfall criteria. Procedures and information are 
provided for the determination of depth-duration-frequency statistics of storms in 
Maricopa County. These are derived from NOAA Atlas 2, Arizona which is thc most 
comprehensive and authoritative source of such information. The limitations and 
potential inaccuracy of the NO.LA Atlas are r~cognizcd and until an eq~livalently 
accepted source of rainfall statistics is provide< this source must be used. Recent 
reanalysis of the short duration (less than I -hour) rainfalls by the National Oceano- 
graphic and Atmospheric Administration havebeenused as asupplementtotheNOAA 
Atlas. 

Tne temporal distribution of rainfall for the majority of design conditiorls is a 6-hour 
local storm. The 6-hour stonn distribution is b a e d  on an analysis by the U.S. Army 
Corps of Engineers, Los h g e l e s  District, of the August 19, 1954 Queen Creek storm. 
The Corps' distribution has been modified somewhat to reflect the design rainfall 
criteriathat is desired foruse in MaricopaCounty, andthis modification includes using 
the hypothetical distribution for drainagc areas less than 0.5 square mile. The temporal 
distribution is afunction of drainage area and this is to reflect the spatial variability of 
rainfall intensities that are known to exist with severe local storms in Maricopa County. 
A 2-hour distribution is provided for use in the design of detentionlretention facilities. 
Tne reduction of rainfall depth with storm area forthc 6-hour rainfall is accounted for 
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by a depth-area iediction curve based on'& 1954 Queen Creek storm. In some cases 
a general storm may be the accepted designrainfall. In Maricopa County. the general 
storm to be used is the SCS Type I1 pattern using NWS HYDRO-40 areal reductions 
of point rainfall. 

Chrtpter 3, Rational Method: Use of the Rational Method is to be limited to areas of up to 
160 areas, and is generally limited to urbanized conditions. The watershed should be 
of uniform land use for application of this method. Intensityduration-frequency 
(I-D-F) statistics are to be obtained from the information contained in Chapter 2: and 
an I-D-F curve for general use is contained in the manual.:-An-equdon'for the 
estimation of time of concentlation is provided which is a partial function of rainfall 
intensity. Values of the runoff coefficient "C" to be applied to various land uses in 
Maricopa County are provided. 

Chapter 4, Rainfall Losses: The preferred method for the estimation of rainfall losses is the 
Green and Ampt infiltration equation with an estimate-of surface retention loss. This 
requires the classification of soil according to soil texture, which is  available for most 
-of Maricopa County. Adjustment oftheloss rate is available as afunction of vegetation 
cover. Other methods are available to estimate rainfall losses if adequate soils andlor 
vegetation data are not available. 

.. . . ,P., . . :.. Chapter 5 ,  UnitHydrograph Procedures: The use ofunit hydrographs to route rainfall excess 
; I. from the land's surface is recommended andthe procedures recommended to  do so are 

either the Clark unit hydrograph or the application ofselected S-graphs. The Clark unit 
hydrograph is recommended for watersheds or subbasins less than five square miles 
in size with an upper limit of application of ten square miles. Procedures are provided 
for the estimation of the two numeric parameters: time of concentration and storage 
coefficient. Two default time-area relations are provided; one [or urban watersheds 
and the other for natural watersheds. Four S-graphs have been selected for use in flood 
hydrology studies ofmajor watercourses in Maricopa County. The Phoenix Mountain, 
Phoenix Valley, DeseIUaangeland, and the Agricultural S-graphs are described and 
guidelines are provided for their selection. A procedure is provided for the estimation 
ofthe S-graph parameter. lag. 

Chapter 6, Channel Routing: General guidance is provided for the use of Kinematic Wave 
routing, Muskingum and Muskingum-Cunge routing, and Normal-Depth routing. 
Kinematic Wave routing can be applied to urbanized or artificial channels and closed 
conduits. Muskingum routing is to be used for large natural channels where parameter 
calibration data exists. Muskingum-Cunge or Normal-Depth routing may be used in 
all other cases. 

Chapter 7, Application: General guidelines and some specific aids in the use ofthe manual 
are provided in this chapter. 

Appendices: Loss rate tables for soils in Maricopa County, Textural Class Diagram, selected 
blank figures, worksheets, and other supporting information are provided in the 
appendices. Appendix H compares flood estimates obtained using the methods in this 
manual with estimates obtained by other methods that are. or have been, used in 
Maricopa County. 

Examnples Detaled examplcs are prov~ded that clearly Illustrate the use of the procedures 
In pract~cal appllcahons 

e a w , ~ e . ~ , ~ . V * w a ,  
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Draina 

Changes to the original Hydrologic Design ManualforMaricapa County dated Septem- 
ber 1,1990: 

1. The title of the document has changed. The hydrology and hydraulics manuals 
are now the Drainage Design Manual for Maricopa County, Volumes I and 11, 
respectively. 

2. Acopy of theAgendaForm,signedby theBoardof Directors on April 15,1991, 
is included. This form indicates formal adoption of the manual, requiring its 
use by jurisidictions that cost-share with the District in flood csntrol projects, 
by contractors working for the District, and by all parties submiiting drainage 
reports and studies to the District for review and approval. 

3. Page numbering has changed to section numbering rather than consecutive 
(i.e., 1-1,Z-1,3-1, etc.). 

4. Chapter2: The rainfallchapter has been substantially condensed.Thecomputer 
program PREFRE has been added to ease development of rainfall statistics for 
sites outside the Phoenix metropolitan area. The PREFRE usefs manual is 
included with the manual as Appendix J. An additional isopluvial map with 
2-hour, 100-year depths has been added. 

5. Chapter3: New roughness factordescriptions weredeveloped. "C" coefficients 
will now be adjusted to reflect storm frequency, and a new table is included. 
A computer program RATIONAL.EXE is included for development of dis- 
charges and volumes using the Rational Method. 

6. Chapter 4: The methodology used to develop Green and Arnpt loss parameters 
has been substantially modified and simplified. The section on the Initial plus 
Uniform Loss Rate Method has been reduced, and limitations for the use of 
that method are provided. An equation is provided for calculation of the 
XKSAT vegetation adjustment coefficient. 

. . 
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7 ,  Chapte7.5: New land cl- a s ~ l  --'fi-  ati ion descriptions are provided to facilitate selec- 
tion of parameters in 'he Kb equation. An error was corrected in the Lag 
qi.iation (the Corps of Engineers uses C = 24 Kn instead of C = 20 Knj. The 
MCL-HPI and MCUIqP2 computer programs were revised to reflfct our 
changeof address,someadditionzldata inputswereadded to facilitatereview, 
and an error was corrected in the 2-hour stormdistribution (the program was 
underesttmating Tcbecause of an incorrect summation of the first three rainfall 
excess values). 

8. Chapter 6: The routing chaptel. now includes guidance on using the Muskin- 
gum-Cunge routing option recently available in HEC-1. A sample problem is 
included in the Examples section. 

9. Chdpt~r  7, the Appendices, and the Examples have all been updated to 
incorporate the changes outlined above. 



Revision I1 
Jn atidilion to the correction of a few typographical .errors, changes of January 1, 1995 revision 
of the Drainage Design Manual. Volume I, Hj~drology include the following: 

1 .  Chapter 2:  The SCS Type 11 rainfall distribution is recommendedfor use for  the  24-hour 
general design storm. Areal reductions of point rainfall are to be made with Table 2 . l a  
which is based on the NWS-HYDRO 40 data. Guidelines have also been added as to 
when to select the general storm for use in design hydrology in Maricopa County. 

2 .  Chapter 3: The RATIONAL.EXE program has been updated to better match 10-year 
rainfall intensities for durations between 10 and 20 minutes as shown on the I-D-F curve, 
Figure 3.2. The revised program is supplied on the DDMS diskette available with this 
revision (see 6. below) 

- -. Chapter 3: A table lias been added to help with the selection of 1.4, RTIMP, and percent 
vegetation cover for representative urban land use types in Maricopa County. 

4. Chapter 5: Two new S-graphs have been added for use i n  Maricopa County. The  newly 
added S-graphs are the DesertIRangeland S-graph and the Agricultural S-graph. A table 
has also been added to facilitate the selection of S-graph type and Kn values for those 
S-graphs for estimation of basin lag time. 

5 .  Chapter 6: The Normal-Depth routing method has been added to the Manual as an 
additional routing method for use in flood hydrology studies in Maricopa County. 

6 .  Appendix I: A new computer program and user's guide have been added to this revision 
of the Manual. The new program brings together the PREFRE program, a modified 
version of the loss parameter spreadsheet functionality, and the MCUHF programs to 
speed up the creation of HEC-1 models using the methodologies recommended in the 
Manual. Additionally, two changes have been made to the MCUHP programs. First, the 
SCS Type I1 24-hour design storm temporal distribution has been corrected and is now 
entered into the HEC-I data file as a I5 minute distribution. Second, the two S-graphs 
added to Chapter 5 have been i~icorporated into the MCUHP2 program. 

_.; , . ~ppendix  K: Ar. appendix of Kri values for various real watersheds has been supplied for 
additional help in the selection of watershed Kn values. These data were taken from a 
report by George V. Sabol Consulting Engineers; Inc.: performed for the District since 
t!le !ask Manual revision. 



The information, procedures, and recommendations that are presented in this manual are 
mainly the result of previously published efforts of many diligent and talented engineers 
and scientists. The authors of this manual have made every effort tn cite the original authors 
and researchers whose contributions tn this manual, and tn the science of hydrology, are 
gratefully appreciated. 

The authors of this manual are indebted to the many individuals and organizations, 
including the staff at the Flood Control District, that have supported this effort through 
recommendations, technical guidance, encouragement, and review of draft sections of this 
manual. In particular, the following people have provided immeaurable assistance without 
which this manual could not have been completed in this form. Those individuals, in 
siphabetical order, are: 

'rthur G. Cudworth. Jr., Fornier Head (retired), Flood Section, Fiiif:ice Water Branch, 
U.S. Bureau of Reclamation, Denver, Colorado. 

Leonard I. Lane, Ph.D., Arid Lands Watershed Management Research Unit, U.S. 
Department of Agriculture, Tucson, Arizona. 

Robin McArthur (deceased), Hydrologist, Soil Conservation Service, U.S. Department of 
Agriculture, Phoenix, Arizona. 

Harry Millsaps, Hydrologist, Soil Conservation Service, U.S. Department of Agriculture, 
Phoenix, Arizona. 

Herbert B. Osborn, Ph.D., P.E., (retired) Arid Lands Watershed Management Research 
Unit, U.S. Department of Agriculture, Tucson, Arizona. 

John T. Pedersen, P.E., Supervisor Hydraulic Engineer, U.S. Army Corps of Engineers, 
Los Angeles District. 

Walter I. Rawls, Ph.D., Hydrologist, Agricultural Research Service, U.S. D e p a m e n t  of 
Agriculture, Beltsville, Maryland. 

Kenneth G. Renard, Ph.D., P.E., Arid Lands Watershed Management Research Unit, 
U.S. Depament  of Agriculture, Tucson, Arizona. 

Tim J .  Ward, Ph.D., P.E., Professor of Civil, Agriculture, and Geologic Engineering, 
New Mexico State University, Las Cmces, New Mexico. 

David Woolhiser, Ph.D.: P.E., Arid Lands Watershed Management Research Unit, U.S. 
Department of Agriculture, Tucson, Arizona. 
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In April 1985 a task force was formed by the Flood Control District of MaricopaCounty 
to establish a common basis for drainage management in all pndct ions within 
Maricopa County. Among the goals of the task force were provisions for consistent 
analysis of drainage requirements, reducing costs and staff time when a n n e ~ g  
County areas, and supplying equal and common protection from the hazards of 
stormwater drainage for all County residents. Additionally, developers would be 
benefitted by having only one set of drainage standards with which to comply when 
developing land within the incorporated orunincorporatedareas of MaricopaCounty. 
The task force determined that these efforts would be achieved in three phases: 

Phase 1 Research, evaluate, develop, and produce uniform criteria for drainage 
of new development which resulted in the Uniform Drainage Policies and 
Standards for Mariwpa County. 

Phase 2 Establish a Drainage Design Manual for use by all jurisdictional agencies 
within the County. 

Phase 3 Preparean indepthevaluation ofregionalminfalldataand establishprecipita- 
tion design rainfall guidelines and isohyetal maps for Maricopa County. 

As a part of Phase 2, the Drainage Design Manual for Maricopa County, Volume I ,  
Hydrology, will provide the necessary data for Volume II, Hydraulics. 
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$#:$&$; .. .. ..... When using the procedures detail4 in this manual, it is important to keep several 

things in mind. First, this is a hydrologicdesign manual. The methods, techniques and 
parameter values described herein are not necessarily valid for real-time prediction 
of flow values, nor for recreating. historic events-although some of the methods 
are physically based and would be amenable for uses other than design hydrology. 

Second, the lack of runoff data for urbanizing areas of the County, for the most part, 
precludes the use of flood frequency analysis for stormwater drainage design. For 



Uslng this Manual 

those watercourses with sufficient record, flood frequency analysis may be accept- 
able. Similarly, for those watercourses with established regulatory floodphins, the 
FEMA accepted flood frequency curves may be used for design purposes, unless 
they are demonstrably inappropriate. The purpose of this manual is to provide a 
meansofassistingin the predictionof runoff whichmightresultfromadesigns:orm 
of a given return interval. 

Third, thedesignstorm hasno point of reference in terms of a singular historic event. 
Rather, it is intended to provide the best available information by utilizing historic 
data as well as other precipitation design concepts. The design storm provides not 
only the peak intensities which would be expected from a storm of a given duration 
and rehirn interval, but also the volumes associated with it. The tables describing 
the temporal distribution of the design storm for use in a hydrologc model, i.e., 
HEC-1, are approximately equivalent to the graphs used to determine the rainfall 
intensity to be used in the Rational Method. The net effect is that regardless of the 
size of the area being investigated or the method of analysis, the same design storm 
is used as the driving input. 

Using this Manual 
The use of the methods presented in this manual, even the rigorous application thereof, in 
no way ensures that the predicted values are reasonable or correct. Hydrology is a 
discipline which, in some respects, is much like music-quality requires not only 
technical competence but also a feel for what is right. It often requires the exercise 
of hydrologic judgement. The Flood Control District of Maricopa County does not 
warrant or. guarantee the reliability of the hydrologic methods, techniques, and/or 
parameter values set torthin this design manual. The user of the fiydroiogic Design 
Manual has no right to rely or depend on the methodology, techniques,. and/or 
parameter values described herein. The user of this manual is thus directed to 
validate the reasonableness of the predicted values by applying alternative 
methods,suchas envelopecurves, regression equations, or otherchecks which have 
been developed for this area. Failure to do so may resuIt in erroneous values. 

Section 7 of this manual is intended to provide some general suggestions for the 
userattempting to solvea particular problem. Anumber of examples weredesigned 
to aid the user with the development of input variables and parameter estimation. 

It isnot the intent nor purpose of this manual to inhibit sound innovative design or 
theuse of new techniques. Therefore, where special conditions or needs exist, other 
methods and procedures may be used with priorapproml. 

It is anticipated that, over time, as more data becomes available and/or more 
appropriate techniques are developed, this manual wdl be revised. With the excep- 
tion of minor editorial corrections, such revisions will probably take place every 
three to five years. If, in the intervening period, gross inadequacies/inaccuracies 
are found with any of these procedures, they should be brought to the attention of 
the Flood Control District of Maricopa County, or any other agency that might 
subscribe to these suggested procedures. 
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Application 
- - --- 

. . The contents of this manual, with the exception of Chapter 3 (Ibtional Method), 
were prepared to supplement the HEC-I User's Manual (US. Army Corps of 
Engineers, September, 1990). Although the use of the HEC-I Flood Hydrology 
Program is not required in conjunction with the procedures in this manual, its use 
will greatly facilitiate the execution of the recommended procedures that are 
contained herein. To further enhance and simplify the use of the HEC-I Program 
;vith the procedures in this manual, the Flood Control District has written two 
HEC-1 input loader programs, MCUHPl and MCUIIP2 (see Appendix I ) ,  that 
interactively convert screen-prompted keyboard input into a HEC-1 input file. 
MCUHFl is written for use with the Clark Unit Hydrograph option and MCUHP2 
is written for use with the S-graph option, and are provided with the Hydrology 
Manrlal. 



Precipitation in Maricopa County is strongly influenced by variation in climate, 
changing from a warm and semi-arid desert environment at lower elevations to a 
seasonally cool and moderately humid mountain environment. Mean annual 
precipitation ranges from about 7 inches in the Phoenix vicinity to more than 25 
inches in the mountain regions of northern Maricopa County. Precipitation is 
typically divided into two seasons of comparative rainfall depths: summer (June 
through October) and winter (December through March). Warm, moist tropical air 
can move into Arizona at anytime of the year, but most often does s? in the summer 
months, resuiting in severe s t o m  and local flooding. Storms ci iarge areal extent 
are usually a~sociated with frontal or convergence storm activiky ti.+: may result in 
iong duratiol. rainfall and flooding of major drainage watercour:ci:. These types of 
storms and flooding usually occur in the winter, but occasionally occur in the 
summer. 

2.1.1 Storm and Flood Occurrence in Maricopa County 
Stcrms in Maricopa County are often classified as general winter, general summer, 
and local storms. General storms are usually frontal orconvergence type that cover 
large areas and have traditionally contributed to flooding of the major drainage 
watercourses in the County. Local storms are usually associated with convective 
activity and hence normally occur in the summer, although local storm cells 
(typically of lesser intensity than without frontalactivity) can beirnbeddedinlarger, 
general storm systems. 

General winter storms usually move in from the north Pacific Ocean, and produce 
light to moderate precipitation over relatively large areas. These s t o m  occur 
between late October and May, producing the heaviest precipitation from Decem- 
ber to early March. Such storms could last over several days with slight breaks 
between individual storms. Because of orographic effects, the mountain areas 
generally receive more precipitation than the lower desert areas. These storms are 
characterized by low intensity, long duration, and large areal extent, but on oc- 
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General 

casion, with an additional surge of moisture from the southwest, can contribute to 
substantial runoff volumes and peak discharge on major river systems. 

General siilnmer storms are often associated with tropical storms. The Pacific 
Ocean north of the equator and south of Mexico is a breeding ground for such 
storms. On the average, about two dozen tropical storms and hurricanes are 
generated in this area from June through early October. Most move in a 
northwesterly direction. The remnants of thesestorms can be caught up in the large 
scale circulation around a low pressure center in southern California and therefore 
can bring a persistent flow of moist tropical air into Arizona. The storm pattern 
consists of a band of locally heavy raincells withina larger area of light tomoderate 
rainfall. Whereas general winter storms can cover much of the state, general 
summer storms are more localized along a southeast to northwest band of rainfall. 
They are similar to winter storms in that higher elevations receive greater rainfall 
because ni o1:ographic influences. The period of late September through October 
may have storm patterns which are similar to both general summer and winter 
events. 

Local storms consist of scattered heavy downpours of rain over areas of up to about 
500 square miles for a time period of u p  to 6 hours. Within the storm area, 
exceptionally heavy rains usually cover up to 20 square miles and often last for less 
than 60 minutes. They are typically associated with lightning and thunder, and are 
referred to as thunderstorms or cloudbursts. While they can occur any time during 
the year, they are more frequent during summer months (July to September) when 
tropical moisture pushes into the area from the southeast or southwest. These 
storms turn into longer duration events in late summer and may be associa:ed with 
gene:.::! wmmer sti.m?s (see above). Local storms generally produce recori: peaks 
for .jax);i watersheds. They can result in flash floods, and, sometimes; lois nf life 
and pl.operty damage. 

2.1.2 Design Rainfall Criteria for Maricopa County 
The critical flood-producing storin for most watersheds in Maricopa County is the 
local storm. The limit of such storms is generally less than 500 square miles with 
durations less than 6 hours. Local storms are characterized by central storm cells 
(possibly as large as 100 square miles) that produce very high intensity rainfalls for 
relatively short durations. The rainfall intensities diminish as the distance from the 
storm cell increases. Therefore, for the majority of watersheds and drainage areas 
in Maricopa County, the local storm will produce both the largest flood peak 
discharge and the greatest runoff volume. Based on a review of meteorologic 
studies for Arizona (U.S. Army Corps of Engineers, 1974 and 19824 and a con- 
sideration of severe storms for MaricopaCounty, it was determined that the 6-hour 
local storm should be used as the design storm criteria for watersheds inMaricopa 
County with drainage areas of 100 square miles and less. 

Record floods for largedrainage areas, such as for the Salt River near Phoenix, were 
produced by iargescale general storms of multipleday duration and relatively low 
rainfall intensities. Therefore, based on that observation, for drainage areas larger 
than 500 square miles it was determined that the general storm should be used as 
the design stormcriteria. Because of the infrequent need for designcriteria for such 
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large areas as well as other considerations, design rainfall criteria are not defined in 
this manual. General storm criteria are to be defined for such large, regional flood 
studies on a case-by-case basis so that the most appropriate meteorologic and 
hydrologic factors @ossibly also including snowmelt for stream baseflow and 
watershed antecedent moisture conditions) can be properly considered in the flood 
analysis. 

For drainage areas between the critical flood-producing upper limit for local storms 
(100 square miles), and the lower limit for general storms (20 square miles), it can 
not be determined whether a local storm or a general storm will produce the greatest 
flood peak discharges or the maximum flood volumes. For such drainage areas, 
generally between 20 and 100 square miles, it is necessary to consider both general 
storms and local storms This may require that site-specific general storm criteria 
be developed for the watershed and that various local stonns with critical storm 
centering assumptions be developed using the criteria in this manual. Both of these 
storm types would be modeled and executed in thewatershed model to estimate flood 
discharges and runoff volumes It is possible, in certain situations, that the local 
storm could result in the largest peak discharge and the general storm could result 
in the largest runoff volume. 

The Uniform Drainage Policies and Siandardr for Maricopa County, Arizona, 
February 1987, stipulates that the 100-year, 2-hour rainfall be used for the design of 
retentionldetention facilities. As such, criteria are provided in this manual to define 
the 100-year, 2-hour rainfall for use in Maricopa County. 

The design rainfall criteria to be used in Maricopa County are summarized in Table 
? 1. The specific procedures that are needed to define the design rainfall for the 
'90-year, 2-hour storm and the 6-hour local storm are provided in the following 
sections: 

Table 2.1 
Design Rainfall Criteria for Maricopa County 

i 1 Purpose Criteria 
I ( On-Site RetentionlDetention Facilities 100-year, 2-hour rainfall as defined in this manua9 

:AI I  Other Purposes: 1 

I Drainage area: 100 to 500 square 24-hour general storm using the SCS Type I 1  
miles distribution. 

Drainage area: 0 to 20 square miles 16-hour local storm as defined in this manual. 
Drainage area: 20 to 100 square Either a critically centered 6-hour local storm as 

miles defined in this manual, or a 24-hour : general storm using the SCS Type I 1  
distribution. 

.fi- w---u,m*mm-c~,-""%.A. .,~. ~~,3...ss~~.,~~*,.L~~~.*~,~,.~-~,~~.~~-~,~.~:%~mL~~~~~-~-~,... r-Z( 
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Rainfall Depth 

The most commonly used descriptor of rainfall is the rainfall depth; however, for 
modeling purposes, two other types of rainfall descriptors must be defined. First, 
the rainfall duration and frequency of occurrence of rainfall depth for that duration 
must be assigned. Second, since the rainfall depth is a descriptor of the rainfall 
occurrence at a point in space, both the spatial and the temporal distribution of the 
rainfall depth must be defined. In this section, the rainfall depth-duration-frequency 
statistics for use in Maricopa County are described. Subsequent sections describe 
the spatial and temporal distributions that are tobe applied for the 6-hour local storm, 
and the temporal distribution for the 100-year, 2-hour storm. 

2.2.1 Data Analyses 

The most comprehensive and available source of rainfall data analysis for Maricopa 
County is the NOAA Precipitation-Frequency Atlas of the Western United States, 
(Miller and others, 1973). Until a more up-to-date data base and data analysis 
becomes available, the NOAA Atlas is to be used for all drainage design purposes 
in Maricopa County. The only deviation from the NOAA Atlas procedures that are 
currently recommended is the use of the short-duration (less than 1-hour) rainfall 
ratios that were published by Arkell and Richards (1986) 

2.2.2 Depth-Duration-Frequency Statistics 

The depth-duration-frequency (D-D-F) statistics in the NOAA Atlas are shown as a 
series of isopluvial maps of Arizona for specified durations and rea:cii periods 
(frequencies). Selected isopluvial maps for Maricopa County have been reproduced 
from NOAA Atlas and these are contained in the Manual (Figures 2.1 through 
2 . 1 .  It is possible that flood studies of certain large watersheds may require 
reference to the NOAA Atlas directly to determine the rainfall depths for the portion 
of the watershed that exists outside the boundaries of Maricopa County. 

%-- . . ._%c!T~+Lv.*x*> ; x l = . - . ~ ~ ~ ~ . > ' L ~ r n _ ~ . ~ ~ 3 : . - ~ - c ~ ? . ~  . .-.-- 
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Tahle 2 . l a  
Depth-Area Reduction Factors for 24-Hour Duration Rainfall 
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Depth-ffirea Relation 

2,2.3 Rainfall Statistics for Special Purposes 
'.A?i?;? rirlv arise situaiions for special purposes where it is necessary tc: define 
rainiiji D:D-F statistics other than those provided in Figures 2.1 through 2.13. In 
those sitilations, the isopluvial maps and procedures that are contained in the 
NGAA Atlas aiong the short-duration rainfall ratios from Arkell and Richards 
(1986) should be used. As an aid in the analyses and development of D-D-F 
statistics, a program (PREFRE) written by the Office of Hydrology, National 
Oceanic and Atmospheric Adminishation, and as modified and documented by the 
U.S. Bureau of Reclamation (1988), is provided. Use of the PREFRE program to 
calculate D-D-F statistics for s~ecial  Dumoses is encouraeed to minimize analvsis 

1 ' " 
errors a t d  to increase the reproducibility of the rainfall depths that may be calcu- 
lated bv different users and reviewers. Thediskette included in this manual cor~tains 
the PREFKE program as well as the MCUHPl and MCL3IP2 programs. The 
PREFRE users' manual is contained in Appendix J. Appendix F contains a graph 
form for plotting rainfali depth-bequency values. 

Users of this manual who may also be interested in defining general storm criteria 
for large watersheds, should note that it may be necessary to consider storms of 
durations longerthan 24 hours. Provision of the 24-hour rainfall statistics does not 
preclude the useof a longer duration rainfall if deemed appropriate for a particular 
watershed or study. The 24-hour isopluvial maps are provided in this manual for 
the user's convenience because this is the rainfall depth often specified for general 
s t o m .  If rainfall depths are needed for a duration longer than 24 hours, plot the 
rainfall depth versus rainfall duration for 1-hour to 24-hour (for a given rainfall 
bequency) on log-log paper and fit a straight line to the data points. Extend the 
straight line to thedesiredduration(s) and read thecorrespondingrainfalldvc:th(s). 

2.3 Dep th-Area Relation 

The rainfall depths from the lsopluvial maps in Figures 2.1 through 2.13 are point 
rainfalls for specified frequenaes and durations. This is the depth of rainfall that 
is expected to occur at a point or points m a  watershed for the specified frequency 
and duration However, this depth is not the areally-averaged rainfall over the 
basin that would occur during a storm. A reduction factor is used to convert the 
point ranfall to an equivalent uniform depth of rainfall over the entire watershed. 
As the watershed area increases, the reduction factor decreases, reflecting the 
greater nonhomogeneity of rainfall for storms of larger areas. 

Regional research by the AgriculturalResearchService, U.S. Department of Agricul- 
ture, for the Walnut Gulch Experimental Watershed near Tombstone, Arizona, 
indicates that local storms are characterized by relatively small areas of high 
intensity thatdecreaserapidly with 
increasing area. The U.S. Army Corps of Engineers studied historic s t o m  in 
Arizona and published the results of those studies (U.S. Army Corps of Engineers, 
1974). The depth-area reduction curve that is to be used in Maricopa County is the 
curve that was developed by the U.S. Army Corps of Engineers for the 19 August 
1954 Queen Creek Storm. That curve is shown in Figure 2.14 and in Table 2.2. 
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Figure 2.14 
Depth-Area Curve for Maricopa County &hour Storm 
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Tzble 2.2 
Depth-Area Reduction Factors 

for 6-Hour Duration Rainfall 

Use the depth-area reduction .values from Figure 2.14 or Table 2.2 to correct the 
6-hour point rainfall depth from the isopluvia! maps (Figures 2.2 through 2.7) for 
all flood studies in which the 6-hour local storm is the design rainfall criteria (see 
Table 2.1). 

If the flood study is for the design of aretentioddetention facility fora  small drainage 
area and the design rainfall criteria is the 100-year, 2-hour storm, then the point 
rainfzll 3epths from Figure 2.1 are not to be reduced for area. This is becliuse local 
rere~itioddetention basins will be provided only for very small drainzgc areas and 
the point rainfall from Figure 2.1 is representative of the equivalent unifi::irm depth 
of rainfall over the entire contributing area. 

If a general storm is the accepted design rainfall criteria (as opposed to the 6-hour 
local storm as defined in this manual), then the appropriate depth-area reduction 
curve will need to be defined to correspond with the rainfall duration and the 
temporal distribution of the general storm. Usually the generai storm for use in 
Maricopa County is the SCS Type iI 24-hour design rainfall. Areal reductions for 
point rainfall for this 24-hour storm should be performed using Table 2 . la .  The data 
for Table 2 l a  have been taken from Figure 15 of the N W S  HYDRO-40 (Zehr and 
Myers, 1984). For other general storms, the depth-area reduction and temporal 
distribution will need to be performed on a case-by-case basis depending on the 
purpose of the study, location of the watershed, and other meteorological and 
hydrological factors. 

2.3.1 Procedure for Depth-Area Adjustmelit 

The following procedure is to be used with the 6-hour local storm rainfall depths 
(Figures 2.2 through 2.7): 

1. Determine the size of the drainage area 

z , % " ! # ~ , , ~ ~ . ~ " < ~ ~ A * . . , . ~ ~ ,  +.,.~~~*w'mc-~wa*.*+H.*a%". ... ~ ~ ~ & . ~ ~ . ~ " . . s . . ~ " \ ~ , ~ ~ ~ ~ > ~ ~ - ~ ~ ~ w ~ . , ' ~ ~ " ~ s ~ ~ ~ s ~ ~  
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Rainfall 

! Caic!ll;~:e the point r in fa l l  depth, or the :irua!ly-averaged point rainfall depth, from 
F i ~ u r s s  2.2 tluough 2.'7 depending on the desired rainfall freque;.cy. 

. . ~ .  

.:. i,.:.ie eithzr Figure 2.14 or Table 2.2 to determine the depth-area reduction factor. 

4. Mulriply the point rainfall depth by the appropriate depth-area reduction factor. This 
is the eq;dvalent uniform depth of rairifaIl that is to be applied to the entire watershed. 

cording to Table 2.1, three types of design storm distributions are to be  used in 
Maricopa County. This Manual contains information for two of those design storm 
distributions; the ?-hour storm for the design of retentio~ddetenrion basins, and the  6-hour 
local stonn. Information for the S C S  Type I1 24-hour storm has been encoded in :he 
MCUHP prozrams. Orhrrwise data regarding the SCS ??.-hour storm is generally 
2vailable elsewhere. Distributions for other general storms for !arger watersheds \&.ill need 
to be developed on a case-by-case basis based on appropriate meteorologic and hydrologic 
factors. 

2.4.1 ?-hour Storm Distribution 

The 2-hour storm distribution is to be used for the design of retentioddetention basins 
(see Table 2.1). The 2-hour distribution shown in Figure 2.15 and Table 2.3 is a 
dimensionless for111 of the ?-hour hypothetical distribution for the Phoenix Sky Harbor 
Airport location. This disrribution can be applied throughout Maricopa Courity for the 
desigu r.;' retentionldetention facilities. 

Table 2.3 
2-Hour Storm Dlstrlbution for Retention Deslqn 

I Tlme (minutes) 1 % Rainfall Depth / Tlme (mlnutes) / % Rainfall Depth ( 



T!esiji. Storm Uistrihutions 

Time Elapsed, minutes 

Figu re  2.15 
2-Hour  M a s s  C u r v e  f o r  Re t en t i on  Des ign  

2.4.2 6-hour Storm Distribution 

'The 6-hour storm distributions are used for flood studies in klaricopa Count!, of dr.-im:c 
areas less than 20 square miles. except fnr on-site retentionldetention facilities (see Table 
2.1). These distribu~ions would also be used for drainage areas iarger than 20 square 
miles and smaller than 100 square miles by critically centering the storm over all or 
portions of  the drainage area to estimate the peak ilood discharges that could be realized 
on such watersheds due to the occurrence of a local storm over the watershed. 

The hlaricopa County 6-hour locai storm distributions consist of five dimensionless storm 
patterns. Pattern No. 1 represents the rainfall intensities that can be expected in the "eye" 
of a local storm. 'These hieh, short-duration rainfall intensities would only occur over a 
relatively small area near the center of' the storm cell. Pattern KO. 1 is an offset. 
dimensionless form of the hypothetical distribution d e r i ~ e d  from rainfall statistics found 
in PJOA.4 Al l i~s  Jbr the PVesrcrn Li?!leii Slnles, ilrizonn ( Milier and others, 1973 ) 



and Arkell and Richards (1986) for the Phoenix Sky Harbor w o r t  location. 
Pattern Numbers2 through5 are modificationsof theU.S. Army Corps of Engineers 
::374) analysis of the Queen Creek storm of 19 August 1954. 'The dimensionless 
iorn? of these 6-hour storm distributions are shown in Figure 2.16 and Table 2.4. 

inspection of the storm patterns in Figure 2.16 indicates that the peak rainfall 
intensities are much greater for Pattern No. 1 than for the other pattern numbers, 
and that peak rainfall intensity decreases as the pattern number increases. The 
selection of the pattern number is based on the sue of the drainage area under 
consideration, as shown in Figure 2.17. As illustrated by Figures 2.16 and 2.17, the 
maximum rainfall intensities, averaged over the entire drainage area, decrease as 
the sue of the drainage area increases. This is to account for the spatial variability 
of lo& storm rainfall wherein the maximum rainfall intensities occur at the rela- 
tively small eye of the storm but that the average rainfall intensities over the storm 
zrea decrease as the storm area increases. 

Procedure for using the Chour Stonn Patterns 
The following procedure is to be used for 6-hour Local Storm criteria: 

1. Determine the sue of the drainage area. 

2. The equivalent uniform depth of rainfall for the drainage area would be 
calculated as described in Section 2.3.1. 

3. Figure 2.17 is used to select the appropriate pattern number (round to the 
nearest 0.1 of the pattern number). 

. Use the dimensionless 6-hour distributions of Figure 2.16 r:r Table 2.4 to 
calculate the dimensionless distributionby linearinterpolatio~~tr:!tween the two 
bounding pattern numbers. 

5. Multiply the dimensionless values of the calculated storm pattern (in decimal) 
by the equivalent uniform depth of rainfall from step 2. The reultant distribu- 
tion is the design rainfall mass diagram for the equivalent uniform depth of 
rainfalland rainfall intensities averaged over the entiredrainage area. 

Asanalternative to theabove procedure, the MCUHI'1 and the MCUHPZ programs 
will convert the point rainfall depth into the appropriate storm pattern based on a 
given drainage area. 



Design Storm Bisitlbr~tlorrs 
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Figure 2.16 
6-Hour Mass Curves for Marlcopa County 



Table 2.4 

-- .... . 6-Hour Dlstributions' 

*a 

.... . - .-. 

'Pattern represents percent Rainfall Depth. 
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Rational 

The Rational Method was originally developed to estimate runoff from small areas 
and its uie should be generally limited to those conditions. For the purposes of this 
manual, its use should be limited to areas of up to 160 acres. In such cases, the peak 
discharge and the volume of runoff from rakfall events up to and including the 
100-year, 2-hour duration storm falling within the boundaries of the proposed 
development are to be retained. If the development involves channel routing, the 
procedures given in Chapters 4 through 6 should be used, since the peak generated 
by the Rational Method cannot be directly routed. 

he Rational Equation relates rainfall intensity, a runoff coefficient and the water- 
shed size to the generated peak discharge. The following shows this relationship: 

Q = CiA (3.1) 

where 

Q = the peak discharge (cfs) from a given area. 

C = a coefficient relating the runoff to rainfall. 

i = average rainfall intensity (inches/hour), lasting for a Tc. 

Tc = the time of concentration (hours). 

A = drainage area (acres). 

The Rational Equation is based on the concept that the application of a steady, 
uniform rainfall intensity will produce a peak discharge at such a time when all 
points of the watershed are contributing to the outflow at the point of design. Such 
a condition is met when the elapsed time is equal to the time of concentration, Tc, 
which is defined to be the floodwave travel time from the most remote part of the 
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watershed to the point of design. The time of concentration should be computed by 
applvinq the following equation developed by Papadakis and Kazan (1987): 

where 

Tc = time of concentration in hours 

L = length of the longest flow path in miles 

Kh = watershed resistance coefficient (see Figure 3.1, or Table 3.1) 

S = watercourse slope in feet/mile 

i = rainfall intensity in inches/hourU 

*It should be noted that i is the "rainfall excess intensity" as originally 
deteloped. However, when used in the Rational Equation, rainfall inten- 
sity and rainfall excess intensity provide similar values because of the 
hydrologic characteristics of small, urban watersheds which result in 
minimal rainfall loss. This is because of the extent of imperviousness as- 
sociated with urban watersheds and the fact that the time of concentra- 
tion is usually very short. 

Watershed Surface Area, Acres 

Flgure 3.1 
Resistance Coefflclent Kb as a Funcllon of Watershed Slze 



Ratlonal Method 

Table 3.1 
Equatlon for Estlmatlng Kb In the Tc Equatlon 

Typlcal 
TY Pe Descrlptlon Appllcatlons -- 

t! Minimal roughness: Relatively smooth and/or Commercial/ 
well graded and uniform land surfaces. industrial areas 
Surface runoff is sheet flow. Residential area 

Parks and golf 
- -- courses 
3 Moderately iow roughness: Land surfaces Agricultural fields 

have irregularly spaced roughness elements Pastures 
that protrude from the surface but the overall Desert rangelands 
character of the surface is relatively uniform. Undeveloped 
Surface runoff is predominately sheet flow urban lands 
around the roughness elements. 

C Moderately high roughness: Land surfaces Hillslopes 
that have significant large- to medium-sized Brushy alluvial 
roughness elements and/or poorly graded fans 
land surfaces that cause the flow to be Hilly rangeland 
diverted around the roughness elements. Disturbed land, 
Surface runoff is sheet flow for short distances mining, etc. 
draining !nto meandering drainage paths. Forests with 

underbrush 
& ~ l ~ ~ r o u g h n e s s :  Rough land surfaces Mountains 

with torturous flow paths. Surface runoff is Some wetlands 
concentrated in numerous short flow paths 
that are often oblique to the main flow 

Application of the Rational Equation requires consideration of the following: 

1. The peak discharge rate corresponding to a given intensity would occur only 
if the rainfall duration is at least equal to the time of concentration. 

2. The calculated runoff is directly proportional to the rainfall intensity. 

3. The frequency of occurrence for the peak discharge is the same as the frequency 
for the rainfall producing that event. 

4. The runoff coefficient increases as storm frequency decreases. 

June 1. 1992 3-3 



Llmltatlons 

Apphcation of the Rational Method is appropriate for watersheds less thm 160 acres 
in slze. This is based on the assumption that the rainfall intens~ty is to be uniformly 
distributed over the drainage area at a uniform rate lasting for the duration of the 
storm. The Maricopa County Unit Hydrograph Procedure described in Chapter 5 
may also beused for areas less than 160 acres where hydrograph routing is desired, 
or, in cases where the Rational Method assumptions do not apply. 

The Rational Method can be used to calculate the generated peak discharge and 
runoff volurne from drainage areas less than 160 acres. 

3.5.1 Peak Discharge Calculation 
1. Determine the area within the development boundaries. 

2. Select the runoff coefficient, C from Table 3.2 

3. Calculate time of concentration (see Example 4). This is to be done by an 
iterative process. Select aduration from the I -D-Fmes,  Figure3.2. This value 
should not be longer than two hours and normally it will be less than an hour. 
Pe tenni~e  tk.e maximum rainfall intensity indicated on the I-D-F .;,:-ve for a 
irripency that includes the 100-year. The intensity value of the corresponding 
T;: in the above is for the Phoenk Metro area. Use ip in the fo l low~g i u a t i o n  
ior estimating i for other areas: 

where 

i = the desired intensity for a given duration and frequency. 

ip = the intensity for the Phoenix Metro area. 

$10 = the 10-year, 6-hour precipitation depth at the point of interest. 
(Can be read from Figure 2.4.) 

4. Use the adjusted intensity in Equation 3.2 to calculate time of concentration. 
Repeat this process until the selected and computed Tc values are reasonably 
close. For more details see Example 1. 

5. Determine peak discharge (Q) by using the above value of i in Equation 3.1 

6. As an alternative to the above procedure, the computer programRATIONAL.EXE 
may be used to calculate peak discharges. 
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Rational Method 

Table 3.2 
C Coefficients for Use wlth the Rational Method 

Streets and Roads 
Paved Roads 0.75-0.85 0.83-0.94 0.90-0.95 0.94-0.95 
Gravei Roadways & Shoulders 0.60 - 0.70 0.66 - 0.77 0.72 - 0.84 0.75 - 0.88 

Lawns - Flat 
-Steep 

Suburban 

Note: Values of C for 25.50 and 100 Year were derived usina freauencvadiustrnent 

Single Family 
Multi-Unit 
Apartments 

ParksICernetaries 
Playgrounds 
&ricultural - -- Areas 

factors of 1 .lo, 1.20, and 1.25, respectively, with an u&r limit of'0.95 for C for 
the 2-10 Year values. 

0.10-0.25 
0.25 - 0.40 
0.30 - 0.40 

June 1 ,  1992 

0.45-0.55 
0.50-0.60 
0.60-0.70 
0.10-0.25 
0.40 - 0.50 
0.10-0.20 

0.11-0.28 
0.28 - 0.44 
0.33 - 0.44 
0.50-0.61 
0.55-0.66 
0.66-0.77 
0.11 -0.28 
0.44- 0.55 
0.11 -0.22 

0.12-0.30 
0.30 - 0.48 
0.36 - 0.48 

0.13-0.31 
0.31 - 0.50 
0.38 -0.50 

0.54-0.66 
0.60-0.72 
0.72-0.84 
0.12-0.30 

0.56 -0.69 
0.63-0.75 
0.75-0.88 
0.13- 0.31 

0.48 -0.63 10.50 - 0.63 
0.12-0.~~~j0.13-0.25 



Application 

5 min. 10 15 20 30 100 200 300 500 1000 min. 

5 rn i n .  10 15 20 30 100 i 200 300 i 500 i 1000 min. 

1 hr 2 3 6 12 24' hc 

DURATION 

Figure 3.2 
Ralnlall Intensity-Duration-Frequency Relatlon 

(Phoenlx Metro Area) 
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Rational Method 

3.5.2 Volume Calculations 
Volume calculation should be done by applying the following equation: 

V - Calculated volume in acre-feet 

C = Runoff coefficient from Table 3.2 

P = Rainfall depth in inches 

A = Drainage area in acres 

In the case of volume =alculanons for retentionldetention des~gn, P equals the 100-year. 
2-hour depth. in inches, from Sectlon 2.2 or Figure 3.3. 



General 

Rainfall excess is that portion of the total rainfall depth that drainsdirectly from the 
land surface by overland flow. By a mass balance, rainfall excess plus rainfall loss 
equals precipitation. When performing a flood analysis using a rainfall-runoff 
model, the determination of rainfall excess is of utmost importance. Rainfall excess 
integrated over the entire watershed results in runoff volume, and the temporal 
distribution of the rainfall excess will, along with the hydraulics of runoff, deter- 
mine the peak discharge. Therefore, the estimation of the magnitude and time 
distribution of rainfall losses should be performed with the best practical technol- 
,,t;y, considering the objective of the analysis, economics of the p;oject, and conse- 
quences of inaccurate estimates. ., 
Rainfalllossesare generally considered to be the result of evaporation of water from 
the land surface, interception of rainfall by vegetal cover, depression storage on the 
land surface (paved or unpaved), and infiltration of water into the soil matrix. A 
schematic representation of rainfall losses for a uniform intensity rainfall is shown 
in Figure 4.1. As shown in the figure, evaporation can start at an initially high rate 
depending on the land surface temperature, but the rate decreases very rapidly and 
would eventually reach a low, steady-state rate. From a practical standpoint, the 
magnitude of rainfall loss that can be realized from evaporation during a storm of 
sufficient magnitude to cause flood runoff is negligible. 

Interception, also illustrated in Figure 4.1, varies depending upon the type of 
vegetation, maturity, and extent of canopy cover. Experimental data on intercep- 
tion have been collected by numerous investigators (Linsley and others, 1982), but 
little is b o w n  of the interception values for most hydrologic problems. Estimates 
of interception for various vegetation types (Linsley and others, 1982) are: 



General 

4 
INITIAL ABSTRACTION (IA)= 
ACCUMULATED LOSS UP TO TIME OF PONDING 

Flgure 4.1 
Schematlc Representation of Rainfall Losses 

for a Uniform lntenslty Rainfall 
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Ralnfall Losses 

Interception, 
Veaetation Tvoe Inches 

hardwood tree 
cotton 
alfalfa 
meadow grass 

No interception estimates are known for natural vegetation that occurs in Maricopa 
County. For most applications in Maricopa County the magnitude of interception 
losses is essentially 0.0, and for practical purposes interception is not considered for 
flood hydrology in Maricopa County. 

Depression storage and infiltration losses comprise the majority of the rainfall loss 
as illustrated in Figure 4.1. The estimates of these two losses will be discussed in 
more detzil in later sections of this manual. 

Three periods of rainfall losses are illustrated in Figure 4.1, and these must be 
understood and their implications appreciated before applying the procedures in 
this manual. First, there is a period of initial loss when no rainfall excess (runoff) is 
produced. During this initial period, the losses are a function of the depression 
storage, interception, and evaporation rates plus the initially high infiltration 
capacity of the soil. Theaccumulated rainfall loss during this period with no runoff 
is called the initialabstraction. The end of this initial period is noted by the onset of 
ponded water on the surface, and the time from start of rainfall to this time is the 
time of ponding (Tp). It is important to note that losses during this erst period are a 
: ,411~mation of losses due to all mechanisms including infiltration. 

'i'i~e second period is marked by adeclining infiltration rate and ger:r-rally very little 
l~sses  due to other factors. 

The third, and final, period occurs for rainfalls of sufficient duration for the 
infiltration rate to reach the steady-state, equilibrium rate of the soil (fc). The only 
appreciable loss during the f i l  period is due to infiltration. 

The actual loss process is quite complex and there is a good deal of interdependence 
of the loss mechanisms on each other and on the iainEall itself. Therefore, sirnphfymg 
assumptions areusually made in the modeling of rainfall losses. Figure 4.2 represents 
a simplified set of assumptions that can be made. In Figure 4.2, it is assumed that surface 
retention loss is the summation of all losses other than those due to infiltration, and 
that this loss occurs from the start of iainEall and ends when the accumulated rainfall 
equals the magnitude of the capaaty of the surface retention loss. It is assumed that 
infiltration does not occur during this time. After the surface retention is satisfied, 
infiltration begins. If the infiltration capacity exceeds the rainfall intensity, then no 
minfall excess is produced. As the infiltration capaaty decreases, it may eventually 
equal the rainfall intensity. This would occur at the time of ponding mp) which signals 
the b e e g  of surface runoff. As illustrated in both Figures 4.1 and 4.2, after the time 
of ponding the infiltration rate decreases exponentially and may reach a steady-state, 
equilibrium rate (fc). It is these simplified assumptions and processes, as illustrated in 
Figure 4.2, that are to be modeled by the procedures in this manual. 
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SURFACE RETENTION LOSS 

Figure 4.2 
Slrnplifled Representation of Rainfall Losses 

A Functlon of Surface Retention Losses Plus lnflltratlon 



Rainfall Losses 

Surface Retention Loss 

Surface retention loss, as used herein, is the summation of all rainfall losses other 
than infiltration. 'The major component of surface retention loss is depression 
storage; relatively minor components of surface retention loss are due to intercep- 
tion and evaporation, as previously discussed. Depression storage is considered to 
occur in two forms. First, in-place depression storage occurs at, and in the near 
vicinity of, the raindrop impact. The mechanism for this depression storage is the 
microrelief of the soil and soil cover. The second form of depression storage is the 
retention of surface runoff that occurs away from the point of raindrop impact in 
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation 
bordered fields and lawns, and so forth. 

A relatively minor contribution by interception is also considered as a part of the 
told surface retention loss. Estimates of surface retention loss are difficult to obtain 
and are a function of the physiography and land-use of the area. 

The surface retention loss on impervious surfaces has been estimated to be in the 
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1960), 0.11 inch for 1 percent 
slope to 0.06 inch for 2.5 percent slopes by Viessman (1967), and 0.04 inch based on 
rainfall-runoff data for anurban watershed in Albuquerque by Sabol(1983). Hicks 
(1944) provides estimates of surface retention losses during intense storms as 0.20 
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960) 
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based 
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque 
mea, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others, 
1982a). Rainfall simulator studies in New Mexico result in estimaftb* of 0.39 inch for 
eastern plains rangelands and 0.09 inch for pinon-juniper l-dlslopes (Sabol and 
uthers, 1982b). Surface retention losses for various land-uses and surface cover 
conditions in Maricopa County have been extrapolated from these reported es- 
timates and these are shown in Table 4.1. 

Table 4.1 
Surface Retentlon Loss for Varlous Land Surfaces In Marlco~a Countv 

Land-use andlor Surface Cover 
(1 1 

Surface Retentlon 
Loss IA, Inches 

Natural 
Desert and rangeland, flat slope 
Hillslopes, Sonoran Desert 
Mountain, with vegetated surface 

Developed (Residential and Commercial) 
Lawn and turf 
Desert landscape 
Pavement 

Agricultural 
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hfiltration is the movement of water from the land surface into the soil Gravity 
and capillary forces drawing water into and through the pore spaces of the soil 
matrix are the two forces that drive infiltration. Infiltration is controlled by soil 
properties, by vegetation influences on the soil structure, by surface cover of rock 
and vegetation, and by tillage practices. The distinction between infiltration and 
percolation is that percolation is the movement of water through the soil subsequent 
to infiltration. 

Infiltratiork can be controlled by percolation if the soil does not have a sustained 
drainage capacity to provide access for more infiltrated water. However, before 
percolation can be assumed to restrict infiltration for the design rainfalls being 
considered in Maricopa County, the extent by which percolation can restrict infiltra- 
tion of rainfall should be carefully evaluated. SCS soil scientists have defined 
hydrologic soil group D as: 

"Soils having veryslow infiltration rates when thoroughly wetted and consist- 
ing chiefly of clay soils with a high swelling potential, soils with a permanent 
high water table, soils with a claypan or clay layer at or near the surface, and 
shallow soils over nearly impervious material." 

This definition indicates that hydrologic soil groups A, 8, or C could be classified 
as Dif a near impervious strata of clay, cauche, or rockis beneath them. When these 
soils are considered in regard to long-duration rainfalls (the design eventc irir many 
parts of tire United States) this definition nviy be valid. However, whw, corfi~dered 
for shclii-duration and relatively small design rainfalldepths in Mancop. i.ol~?ty, 
this definition could result in underestimation of the rainfall losses. This is oesause 
even a relatively shallow horizon of soil overlaying animpervious layer still has the 
ability to store a significant amount of infiltrated rainfall. 

For example, consider the situation where only 4inches of soilcovers animpervious 
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can 
be infiltrated and stored in the shallow soil horizon. For design rainfalls in Maricopa 
County, this represents a significant storage volume for infiltrated rainfall and so 
when developing loss rate parameters for areas of Maricopa County that contain 
significant areas classified as hydrologic soil group D, the reason for that classifica- 
tion should be determined. 

Hydrologic soil group D should be retained only for: 

clay soils, 

n soils with a permanent high water table, and 

rock outcrop. 

Hydrologic soil group Dshould probably not be retained in all situations where the 
classification is based on shallow soils over nearly impervious layers; site specific 
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studies and sensitivity analyses should be performed to estimate theloss rates to be 
used for such soils. 

Recommended Methods for Estimating 
Rainfall Losses 

Many methods have been developed for estimating rainfall losses; five are listed as 
options in the HEC-I Flood Hydrology Package. They are: 

1. Holtan Infiltration Equation 

2. Exponential Loss Rate 

3. SCS Curve Numbers (CN) Loss Rate 

4. Green and Ampt Infiltration Equation 

5, Initial Loss Plus Uniform Loss Rate (IL+ULR) 

Of these five, however, only t w d r e e n  and Ampt and IL+ULR-are recom- 
mended for estimating rainfall losses in Maricopa County for the reasons discussed 
below. 

The Holtan Infiltration Equation is an exponential decay type of equation for 
which the rainfall loss rate asymptotically diminishes to the minimum infiltration 
rate (fc). The Holtan equation is not extensively used and there is no known 
application of this method in Arizona. Data and procedures to estimate the 
parameters for use in Maricopa County are not available. Therefore, the Holtan 
equation is not recommended for general use in Maricopa County. 

The Exponential Loss Rate Method is a four parameter method that is not exten- 
sively used, but it is a method preferred by of the U.S. Army Corps of Engineers. 
Data and procedures are not available to estimate the parameters for this method 
for all physiographic regions in Maricopa County, but Exponential loss rate 
parameters have been developed from the reconstitution of flood events for a flood 
hydrology study in a portion of Maricopa County W.S. Army Corps of Engineers, 
1982a). However, adequate data are not available to estimate the necessary 
parameters for all soil types and land uses in Maricopa County, and this method is 
not recommended for general use in Maricopa County. 

The SCS CN method is the most extensively used rainfall loss rate method in 
Maricopa County and Arizona and it has wide acceptance among many agencies, 
consulting engineering firms, and individuals throughout the community. How- 
ever, because of both theoretical concerns and practical limitations, the SCS CN 
method is not recommended for general use in Maricopa County. 

As mentioned previously, the two recommended methods for estimating rainfall 
losses in Maricopa County are the Green and Ampt infiltration equation and the 
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initial loss and uniform loss rate (IL+ULR) method, Both methods, as programmd 
into HEC-I, can be used to simulate the rainfall loss model as depicted in Figure 
4.2. (For a f d l  discussion of thesemethods, see Sections 4.4.1 and 4.4.2.) The IL+ULR 
is a simplified model that ha been used ex te~ ive ly  for flood hydrology and data 
often are available to estimate the two parameters for this method. The Green and 
Ampt infiltration equation is a physically based model that has been in existence 
since 191 1, and has recently been incorporated as an option in HEC-1. 

The preferred method, and the most theoretically accurate, is the Green and Ampt 
infiltration equation. This method should be used for most studies in Maricopa 
County where the land surface is soil, the infiltration of water is controlled by soil 
texture (see Appendix D), and the bulkdensity of the soil is affected by vegetation. 
Procedures were developed, and are presented, to estimate the three parameters of 
the Green and Ampt infiltration equation. The alternative method of IL+ULR can 
be used in situations where the Green and Ampt infiltration method is recom- 
mended, but its use in those situations is not encouraged, and, in general, should 
be avoidd.  Rather, the lL+ULR method should be used in situations where the 
Green and Ampt infiltration equation with parameters based on soil texture is not 
appropriate. Examples of situations where the IL+ULR method is recommended 
are: large areas of rock outcrop, talus slopes, forests underlain with a thickmantle 
of duff, land surfaces of volcanic cinder, and surfaces that are predominantly sand 
and gravel. Because of the diversity of conditions that could exist for which the 
IL+ULR method is to be used, it is not possible to provide extensive guidance for 
the selection of the two parameters of the IL+TJLR method. 

Other methods should be used only if there is technical justification for a variance 
horn ti>::<,e recommendations and if  adequate information is available iu estimate 
the r,?sessary parameters. Use of rainfall loss methods other than thew recom- 
mended should not be undertaken unless previously approved by the Rued Con- 
trol District and the local regulatory agency 

4.4.1 Green and Ampt Infiltration Equation 
This model, first developed in 1911 by W.H. Green and G.A. Ampt, has since the 
early 1970s, received increased interest for estimating rainfall infiltration losses. 
The model has the form: 

f = i forf 2 i 

where 

f = infiltration rate (L/T), 

I = rainfall intensity (L/T), 

Ks = hydraulic conductivity, wetted zone, steady-state rate (L/T) 

Y = average capillary suction in the wetted zone (L), 



Ralnfall Losses 

8 = soil moisture deficit (dimensionless), equal to effective soil 
porosily times the difference in final and initial volumetric 
soil saturations, and 

F = depth of rainfall that has infiltrated into the soil since the 
beginning of rainfall (L). 

A sound and concise explanation of the Green and Ampt equation is provided by 
Bedient and Huber (1988). 

It is important to note that as rain continues, F increases and f approaches Ks, and 
therefore, f is inversely related to t i e .  Equation 4.1 is implicit with respect to f 
which causes computational difficulties. Eggert (1976) simplified Equation 4.1 by 
expanding the equation in a power series and tluncating all but the first two terms 
of the expansion. The simplified solution (Li and others, 1976) is: 

F = -0.5 (X - & At)  + 0.5 [ ( X  - Ks ~ t ) '  + 8KsAt (OW +F)1 M (4.2) 

where 

At = the computation interval 

F = accumulated depth of infiltration at the start of At. 

The average infiltration rate is: 

?Jse of the Green and Ampt equation as coded in HEC-1 involves the simulation of 
raidall loss as a two phase process, as illustrated in Figure 4.2. Thc first phase is 
thesimulationof thesurface retentionloss as previouslvdescribed; this loss is called 
the initial loss (IA) in HEC-I. During this fir; phase, ail rainfall is lost (zero rainfall 
excess generated) during the period from the start of rainfall up to the time that the 
accumilated raidall equals the value of IA. It is assumed, fokodel ing purposes, 
that no infiltration of rainfall occurs during this first phase. Initial loss (IA) is 
primarily a function of land-use and surface cover, and recommended values of IA 
for use with the Green and Ampt equation are presented in Table 4.1. For example, 
about 0.35 inches of rainfall will be lost to runoff due to surface ret'ention for desert 
and rangelands on relatively flat slopes in Maricopa County. 

The second phase of the rainfall loss process is the infiltration of rainfallinto the soil 
matrix. For modeling purposes, theinfiltration begins immediately after the surface 
retention loss (IA) is completely satisfied, as illustrated in Figure 4.2. The three 
Green and Ampt equation infiltration parameters as coded in HEC-I are: 

N hydraulic conductivity at natural saturation W A T )  equal to Ks in Equation 4.1; 

N wetting front capillary suction (PSIF) equal to Y in Equation 4.1; and 

B volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to 
0 in Equation 4.1. 



Recommended Methods for Estimating 
Ralnfall Losses 

The threeinfiltrationparametersare functions of soilcharacteristics, ground surface 
characteristics, and land management practices. The soil characteristics of interest 
are particle size distribution (soil texture), organic matter, and bulk density. The 
priniary soil surface characteristics are vegetation canopy cover, ground cover, and 
soil crusting. The land management practices are identified as various tillages as 
they result in changes to soil porosity. 

Valucs of Green and Ampt equation parameters as a function of soil characteristics 
alone (bare ground condition) have been obtained from published reports (Rawls 
and others, 1983; Rawls and Brakensiek, 1983), and average values of XKSAT and 
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table 
4.2. The values of XKSAT and PSIF from Table 4.2 or Figure 4.3 should be used if 
general soil texture classification of the drainage area is available. References used 
to create Table 4.2 can be found in the Documentation Manual. 

In Table 4.2, loamy sand and sand are combined. The parameter values that are 
shown in the tableare for loamy sand. Thehydraulicconductivity (XIGAT) forsand 
is often used as 4.6 inches/hour, and the capillary suction (PSIF) is often used as 1.9 
inches. Using those parameter values for drainage areas can result in the generation 
of no rainfall excess-whichmay or may not becorrect. Incorrect results could cause 
serious consequences for flood control planning and design. Therefore, it is recom- 
mended that-for watersheds consisting of relatively small subareas of sand-the 
Green and Ampt parameter values for loamy sand be used for the sand portion of 
the watershed. If theareacontains alarge portion of sand, then either theGreen and 

Table 4.2 
Green and Ampt Loss Rate Parameter Values for Bare Grourld 

Selection of DTHETA: 
Dry = Nonirrigated lands, such as desert and rangeland; 

Normal = Irrigated lawn, turf, and permanent pasture; 
Saturated = Irrigated agricultural land. 
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- 
H y d r ~ u l i c  Conductivity (XKSAT)  in inches/hou: 

Flgure 4.3 
Cornposlte Values of PSlF and DTHETA as a function of XKSAT 

(To be used for arez-weighted averaging of Green and Arnpt parameters.) 
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Ampt method should beused with parametervalues for loamy sand ortheIL+ULR 
method should be used with appropriately determined values for the parameters. 

The soil moisture deficit @THETA) is a volumetric measure of the soil moisture 
storage capacity that is available at the start of the rainfall. DTHETA is a function 
of the effective porosity of the soil. The range of DTHETA is 0.0 to the effective 
porosity. If the soil is effectively saturated at the start of rainfall then DTHETA 
equals 0.0; if the soil is devoid of moisture at the start of rainfall then DTHETA 
equals the effective porosity of the soil. 

Under natural conditions, soil seldom reaches a state of soil moisture less than the 
wilting point of vegetation. Due to the rapid drainage capacity of most soils in 
Maricopa County, at the start of a design storm the soil would not be expected to 
be in a state of soil moisture greater than the field capacity. 

However, Maricopa County also has alarge segment of its land areaunder irrigated 
agriculture, and it is reasonable to assume that the design frequency storm could 
occur during or shortly after certain lands have been inigated. Therefore, it would 
be reasonable to assume that soil moisture for irrigated lands could be at or near 
effective saturation during the start of the design rainfall. 

Three conditions for DTHETA have been defined for use in  Maricopa County 
based on the antecedent soil moisture condition that could be expected to exist at 
the start of the design rainfall. These three conditions are: 

"Dry" for antecedent soil moisture near the vegetation wilting point; 

"Normal" for antecedent soil moisture condition near field ca;>acity due 
to previous rainfall or irrigationapplications on nonagricultura! iands; and 

"Saturated" for antecedent soil moisture near effective saturation due to 
recent irrigation of agricultural lands. 

Values of DTHETA have been estimated by subtracting the initial volumetric soil 
moisture for each of the three conditions from the soil porosity. 

The value of DTHETA "Saturated" is always equal to 0 . 0  because for this 
condition there is no available pore space in the soil matrix at the start of 
rainfall. Values of DTHETA for the three antecedent soil moisture conditions 
are shown in Table 4.2. DTHETA "Dry" should beused for soil that is usually 
in a state of low soil moisture such as would occur in the desert and rangelands 
of Maricopa County. DTHETA "Normal" should be  used for soil that is 
usually in a state of moderate soil moisture such as would occur in irrigated 
lawns, golf courses, parks, and irrigated pastures. DTHETA "Saturated" 
should beused for soil that can be expected to be in a state of high soil moisture 
such as irrigated agricultural land. 

4.4.1.1 Procedure for Areally Averaging Green and Ampt Parameter Values: 
Most drainage areas or modeling subbasins will be composed of several subareas 
containing soils of different textures. Therefore, a composite value for the Green 
and Ampt parameters that are to be applied to the drainage areas or modeling 
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subbasits needs to be determined. The procedure for determining the composite 
value is to average thearea-weighted logarithms of the XKSAT values and to select 
the PSIF and DTHETA values from a graph. 

The composite XKSAT is calculated by Equation 4.4: 

X K S J  = ALOG 
(T Ai 

where 

XKSAT = composite subarea hydraulic conductivity, inches/hour 

XKSATi = hydraulic conductivity of a map unit, inches/hour 
(from Appendix A, B, or C) 

Ai = size of subarea 

AT = size of the watershed or modeling subbasin 

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry) are 
selected from Figure 4.3, at thecorresponding value of XKSAT. 

4.4.1.2 Procedure for Adjusting XKSAT for Vegetation Cover: The hydraulic 
conductivity (XKSAT) can be affected by several factors besides soil texture. For 
example, hydraulic conductivity is reduced by soil crusting, increased by tillage, 
and increased by the influence of ground cover and canopy cover. The values of 
XKSAT that are presentedfor bare ground as a function of soil texture alone should 
be adjusted under certain soil cover conditions. 

Ground cover, such as grass,litter, and gravel, will generally increase theinfiltration 
rate over that of bare ground conditions. Similarly, canopy cover-such as from 
trees, brush, and tall grasse-n also increase the bare ground infiltration rate. 
The procedures and data that are presented are for estimating the Green and Ampt 
parameters based solely on soil texture and would be applicable for bare ground 
conditions. Past research has shown that the wetting front capillary suction 
parameter (PSIF) is relatively insensitive in comparison with the hydraulic conduc- 
tivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is 
adjusted for the influences of cover over bare ground. 

Procedures have been developed (Rawls and others, 1989) for incorporating the 
effects of soil crusting, ground cover, and canopy cover into the estimation of 
hydraulic conductivity for the Green and Ampt equation; however, those proce- 
dures are not recommended for use in Maricopa County at this time. A simplified 
procedure to adjust the bare ground hydraulic conductivity for vegetation cover is 
shown in Figure 4.4. This figure is based on the documented increase in hydraulic 
conductivity due to various soil covers as reported by investigators using rainfall 
simulators on native western rangelands (Kincaid and others, 1964; Sabol and 
others, 1982a; Sabol and others, 1982b; Bach, 1984; Ward, 1986; Lane and others, 
1987; Ward and Bolin, 1989). Thiscorrection factor can beused based onan estimate 
of vegetation cover as used by the Soil Conservation Service in soil surveys; that is, 
vegetation cover is evaluated on basal area for grasses and forbs, and is evaluated 
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Vegetation Cover (Vc), % 

Figure 4.4 
Effect of Vegetation Cover on Hydraulic Conductivity 

For Hydraulic Soil Groups B, C, and D, and for all Soil Textures 
other than Sand and Loamy Sand 

on canopy cover for trees and shrubs. Note that this correction can be applied oniy to 
soils other than sand and loamy sand. 

The influence of tillage results in a c h a n y  in total porosity and therefore a need to 
modify the three Green Ampt equation infiltration parameters. The effect of tillage 
systems on soil porosity and the corresponding changes to hydraulic conductivity, wetting 
front capillary suction, and water retention is available [Rawis and Brakensirk, 1983) 
Although this information is available, it is not presented in this manual, nor is it 
recommended that these adjustments be made to the infiltration parameters for design 
purpose use in Maricopa County, because for most ilood estimation purposes it cannot be 
assumed that the soil will be in any particular state of tillage at the time of storm 
occurrence and therefore the base condition infiltration parameters. as presented, should 
be used for flood estimation purposes. However, appropriate adjustments to the 
infiltration parameters can be made, as necessary; for special flood studies such as 
reconstitution o i  storm e~,ents.  

4-1 4 January 1, 1995 



Rainfall Losses 

4.4.1.3 Selection of IA, RTIMP, and percent vegetation cover for urban  areas: 
'Table 4.2a contains suggested values for 1.4, RTIMP, and percent vegetation cover 
for six urban land use types. The values in Table 4.2a are meant as guidelines and 
are not to be taken as prescribed values for these parameters. Note that the values 
for RTIMP reflect effective impervious areas not total impervious areas. Also, one 
should note that the values for percent vegetation cover are for pervious areas only. 
These three parameter values are used in the calculation of average subbas~n 
parameters for the Green and Ampt loss method as described above. Sound 
engineeringjudgementand experience should always be used when selecting rainfall 
loss parameters and assigning land use categories for any given watershed. 

Table 4.2a also relatesthe six land use types to zoning units for several municipalities 
in Maricopa Coun The assignment of zoning units for municipalities not listed 
 in^ Table 4.2a cou ?. d be made by comparison. with those given in Table 4.2a. 
Likewise, the land use categories in Table 4.2a are not the only valid land use 
categories for use in Maricopa County. 

4.4.2 Initial Loss Plus Uniform Loss Rate (IL+ULR) 
Thisjis a sim lified rainfall loss method that is often used, and generally accepted, 
for flood hy#ology. In usin this simplified method it is assumed that the ra~nfall 
loss process can be simulate fi as a two-step procedure, as illustrated in F i r r e  4:5. 
First, all rainfall is lost to runoff until the accumulated rainfall is e ual to e l n ~ t ~ a l  
loss; and second, after the initial loss is satisfied, a portion of all % ture rainfall is 
lost at a uniform rate. All of the rainfall is lost if the rainfall intensity is less than the 
uniform loss rate. 
According to HEC-I nomenclature, two parameters are needed to use this method; 
?he initial loss (STRTL) and the uniform loss rate (CNSTL). 

Because this method is to beused for special cases where infiltration is not controlled 
by soil texture, or for drainage areas and subbasins that are predominantly sand, the 
estimation of the arameters will require model calibrabon, rcsults of regional 
mdies,  or other va 'f id techniques. It is not possible to provide complete guidance in 
the selection of these parameters; however, some general guidance is provided: 
A. For the special cases of anticipated application, the uniform loss rate (CNSTL) 

will either be very low for nearl im ervious surfaces, or ossibly quite high 
for exceptionally fast-draining J i g h i  pervious) land su&ces. For land sur- 
faces with very low infiltration rates, t evalue of CNSTL will probably be 0.05 
inches per hour or less. For sand, a CNSTL of 0.5 to 1.0 inch per hour or larger 
may be reasonable. Higher values of CNSTL for sand and other surfaces are 
possible, however, use of high values of CNSTL would require special studies 
to substantiate the use of such values. 

B. Although the IL+ULR method is not recommended for watersheds where the 
soil textures can be defined and where the Green and Ampt method is encour- 
aged, some eneral idance in the selection of the uniform loss rate is shown 
in Tables 4 . f  and 4.$lTable 4.4 was prepared based on the values in Table 4.3 
and the hydraulic conductivities shown in Table 4.2. In Table 4.4, the initial 
infiltration PI) is an estimate of the infiltration loss that can be expected prior 
tothe generation of surface runoff. The value of initial loss (STRTL) is the sum 
of init~tial infiltration (II) of Table 4.4 and surface retention loss (1.4) of Table 
4.1; STRTL=I I+  IA. 

C. The estimation of initial loss (STRTL) can be made on the basis of calibration 
or s ecial studies at the same time that CNSTL is estimated. Alternatively, since 
s ~ T L  is equivalent to initial abstraction, STRTL can be estimated by use of 
the SCS CN equations for estimated initial abstraction, written as: 

- " , . ~ * . - r m ~  
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INITIAL LOSS (STRTL) 
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Flgure 4.5 
Representation of Rainfall Loss According to the 

lnltlal Loss Plus Uniform Loss Rate (IL+ULR) 



-- Table 4.2a IA, RTIMP, and Percent Vegetation I over for Representative Land U s e ~  in Maricopa County 
LA RTIMP ** Percent " Gilbert ChandIer Mesa Tempe county Phoenix 

Land Use Categorv ifnch-i (percent) Veg Cover Zonmg Unrt ~ e s e r r p t j o n  Zanlng U n ~ t  Desenptton &mng U!!t Descnpt~on Zonrng Umt Desei~ption Zonlng Unli _I>eairiptten ZogmgPmL Desmption 
Aeneuiture I 0 5" 1 O* / 85' I A G  Agriculture A G  I Agriculture a . Agrieuiture AG Agriculture 
Verg Low Denrrty Resxdentrall 0 3* 1 

SF, Res~dentral SF-18 Slngle Fannl) 

5" 

SR Suburban Ranch RURAL70 '0.000 sq. ft./dwelling unit S-2 Ranch or Farm Commercial 
R1-43 Rural RURAL-43 :me acre'daellin8 un i t  RE-43 Single Family, I acre minimuni 

55,000 sq. f t i d a e l h n g  unit RE-24 SF, 24,000 sq.ft min. 
R1-18 SFR, 18.000 sq. R./unit R1-18 SF, 18,000 sq.ft min. 

L o r  Dengity Residential 

Single Reeidence R1-15 One Family Residential R1-14 SF, 14,000 sq.ft min. 
Sin@ Reeidenee R1-10 Onc Farnily Residentiai R1-10 ISFR. 10,000 eq. R.lunit R1-10 SF, 10,000 sq.ft min. 

21.e <>ni ?:i;;i!? Recidcn:isi R1-8 SF% 8,000 sq. Riunit  Z:-8 SF. 8.000 sq.ft min. 
" ,. SF-7 Single Famiiy R1-7 R1-7 . 3 ~ c  Family Residential Single Residence 

R1-6 Single Residence Rl-6 0;: Family Residen?iai XI-6 R1-C SF. 5,000 aq.ft min. i<FB, 6,000 s q .  RJunit, 
Towncenter ,  Single Family RO Residance/OEce K-0 Res. Office 
Restricted hlultipie Resid. R-2 Mdti-Family Residential R-2 '1 Family Residence 3.2 hlF, 4,000 sq.ft.!unit 

Multi-Family,Apartments hlF-2 Multl-Family R-3 Limited Multiple Resid. R-3R Multi-Family Restricted R.3 .,lultiple Fami ly ,  Residenilai R.3 >SF. 3,000 8q.fliunit 
hlulti-Family, General MF-3 High Density R-4 General Multiple Resid. &3 Multi-Family Limited R.4 Mul:iple Fami ly ,  Residential R.4 MF. 1.500 eq.fl/unit, 
Townhouse Residential 9 -4  hlulti.FamilrGeneral R-5 \lultiole Familv.  Residenttai R-4A hlF. 1.000 so.fliunit 

30. 

. . 

I R-Th Townhouse R.5 hlF. 1,000 eqf l iun i t  
Mobile Home MH-I Mob~le Home8 T C R 9  TC,Restrieted hlulti-Res. RhlH Idobile Home Residence MHR 'Llanulaetured Houbrng. Xesid. CP,%P Business Park 
Commercial Trailer Park T C R d  TC, General Re6 MHS R-H Resort Ui~ i r i c t  Manufactured Housing Subd. 

- 
R1-90 Single Residence RL'RAL.190 YO000 sq ft!dweliing unit S-1 Ranch or  Farm Realdentla,, > ! sc-5 I 

0.3' 

1 I I 1 11-2 Llght Indus t r~a l  1-1 Llght Industrml 1-2 General lndus t r~a l  i-2 .:gh~ Industrial A-1 L~:ht lndus t r~a l  
" 

15. 

1 I I 1 T P  Trailer Park 

1 I 1 11.3 General Industrial 1-2 General Industrial M-2 General Industrial 1-3 Heavy lndustrml 1-3 ,ieavy Industrial A-2 Heavy Industrial 
Commercial C.1* 80. 5 C-I Light Commercial C-l  Neighbarhaad Commercial C-l Neiahborhood Comm. CCR Convenience Commerc~al C-I 'ei~hborhood Commercial C-l Neighborhood Commercial 

Industrial 

General Commercial C-2 Communit). Commercial C-2 Limited Comm. C-l Nci~hhorhood Commercial C-2 olermediate Commercial C-2 Intermediate Commercial 
Central Commerciai C-3 Regional Commercial C-3 General Comm. C-2 General Cammerclal C-3 :;enera1 Commercial C-3 General Commercial 
Residential Services Office-Sercives CCD Centrai Comm. Diatrlct C-0 :ommereial Offlee C-0 Commercial Office 
Re~ident ial  Conveniences TC.High Intensity blixed Use HR High Rise District 

TC. Limited Comm./General Manufacturing 
TC. Genel.al Comm.1 Light Manufacturing 

MISCELLANEOUS CATEGORIES: These zoningunits should be avalueted on s cesa!?). case b a s k  
PAD Planned Area Development PAD Planned Area Development S Pt iva,.e 3 h n o i  PD llanned Development O~,er!ay PAD Planned Area Development 
PSC-I Planned Neighborhood Shopping 
PSC-2 Planned Shopping Center CS ?latined Shopping Center PSC Planned Shapplng Center 
IB Industrial BuEefer 

P C 0  Planned C Offlcee P E P  Planned Employment Park 

P F  Public Fac i l i t i e~  S C  Ippcial Usea 
SC S&or Cittzcn Overlay PCD Pianned Community Development 

SO* 

These values have been selected to fit many typical set.tings in hlaricopa County. 
However, the engineerhydrologist should ALIWYS evaluate the specific circumstancefi in any particular 
watershed lor hydrological variations lrom these r.ypical values. 

R1-35 Rural Residential SF-33 Single Family R1-35 Single Residence R1-35 Single F a m i l y  Residential. RE-35 SF, 35,000 sq.ft min. 

0 IS* 

NL!P Gelghbarhood Pian olDeveiopman1 
RCP iesdent ial  Plan of Development 
IUP !ndgrtnal P l a n  olDe~.riopmen: 

4.0.W. Right ofIVa) 

55' 1 60* 11.1 Garden Type Industrjal M - l  Limited Industrial 1-1 Lleht lndustrlal IND PARK Indusrnal Park 

** RTIhlP = Percent Effective lmperi'ious Area. Including R.O.>T. 
*' Pereenl Veg. Cover = Percent vegetation cover lor pervious area only 

P- l  Parking, Open 
r -2  r ;  ..;L;;r..: I 
D.G Dwelling Group 



Table 4.3 
Publlshed Values of Unlform Loss Rates 

' Design of Small Dams: Second Edition, 1975, Appendix A. 
2 Design of Siitall Dams, Third Edition, 1987. 

Table 4.4 
Initial Loss Plus Unlform Loss Rate Parameter Values 
for Bare Ground accordlng to Hydrologic Soll Group 

nlform Loss Rate 

' Selection of II: 
Dry = Nonirrigated lands such as desert and rangeland; 

Normal = lrrigated lawn, turf, and permanent pasture; 
Saturated = lrrigated agricultural land. 



~mcedure for Estlmatlng Loss Rates 

Estimates of CN for the drainage area or subbasin should be made by referring 
to various publications of the SCS, particularly TR-55. Equation 4.5 should 
provide a fairly good estimateof STRTLin many cases, however, its sseshould 
be judiciously applied and carefully considered in all cases. 

Procedure for Estimating Loss Rates 

Green and Ampt Method 
A. When soils data are available: 

1. Prepare a base map of the drainage area delineating modeling subbasins, 
if used. 

2. Delineate the subareas containingdifferent soils (as determined from soil 
surveys, if available). Determine the soil texture for each soil type. Soils 
reports such as those of the Soil Conservation Service can be used, if 
available, or laboratory analysis of appropriate soil samples from the 
drainage area can be used if adequate documentation on the sampling and 
laboratory procedure is provided and approved. A soil texture classifica- 
tion triangle is provided in Appendix D. 

3. If the watershedorsubbasincontains soilof all onetexture, thendetermine 
XKSAT, PSIF, and DTHETA from Table 4.2. Adjust XKSAT for vegetation 
cover using Figure 4.4, if appropriate. 

4 If the watershed or subbasiniscomposed of soils of different texh~res, then 
area-weighted parameter values will be calculated: 

a. Determine the size (Ai) and the XKSATi values for each soil subarea. 

b. Calculate the area-weighted value of XKSAT by using Equation 4.4. 

c. Select corresponding values of PSIF and DTHETA from Figure 4.3. 

d. Adjust the XKSAT value for vegetation cover using Figure 4.4, if 
appropriate. The adjustment factor may be area-weighted, if neces- 
sary. 

5. Determine the land-use and/or soil cover for the drainage area and use 
Table 4.1 to estimate the surface retention loss CIA). Arithmetically area- 
weight average the values of IA if the drainage area or subbasin is com- 
posed of subareas of different 1A. 

6 .  Estimate the impervious area (RTIMP) for the drainage area or subbasin, 
and arithmetically area-weight average, if necessary. 
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7. Enter the area-weighted values cf IA, DTHETA, MIF, XKSAT, and RTIMP 
for thedrainagediea or each subbasin on theLG record o: Ikac HEC-I input 
file. 

0. Alternative methods: 

Asanalternative to theaboveprocedures,GreenandAmpt loss rate parameters 
can be estimated by reconstitution of recorded rainfall-runoff events on the 
drainage area or hydrologically similar watersheds, or parameters can be 
estimated by use of rainfall simulators in field experiments. Plans and proce- 
dures for estimating Green and Ampt loss rate parameters by either of these 
procedures should be approved by the Flood Control District and the local 
agency beforeinitiating these procedures. 

4.5.2 Initial Loss Plus Uniform Loss Rate Method 
A. When soils data are available: 

1. Prepare a base map of the drainage area delineating modeling subbasins, 
if used. 

2. Delineatesubareas of different infiltration rates (uniform loss rates) on the 
base map. Assign a land-use or surface cover to each subarea. 

3. Determine the size of each subbasin and size of each subarea within each 
subbasin. 

4. Estimate the impervious area (RTIMP) for the drainage area or each 
subarea. 

5. Estimate the initial loss (STRTL) for the drainage area or each subarea by 
regional studies or calibration. Alternatively, Equation 4.5 or Tables 4.1 
and 4.4 can be used to estimate or to check the value of STRTL. 

6.  Estimate the uniform loss rate (CNSTL) for the drainage area or each 
subarea by regionalstudies or calibration. Table4.4 can beused, in certain 
situations, to estimate or to check the values of CNSTL. 

7. Calculate the area-weighted values of RTIMP, STRTL, and CNSTL for the 
drainage area or each subbasin. 

8. Enter the area-weighted values of RTIMP, STRTL, and CNSTL for the 
drainage area or each subbasin on the LU record of the HEC-1 input file. 



Unit 

General 

Rainfall excess can be routed from a watershed to produce a storm discharge 
hydrographat adownstreamlocation (concentration point) by one of two methods: 
1) hydraulic routing involving the complete or some simplified form of the equa- 
tions of motion (i.e., the momentum equation plus the continuity equation); or 2) 
hvdrologc ro~iting involving the application of the continuity qu3rion. Kinematic 
wave routing, as available inHEC-I, is an example of simplified hydraulic routing. 
Hydrologic ;outing is usually accomplished by either direct a.fmiication of the 
quation of continuity (Equation 5.1), or a graphical procedure swch as the applica- 
ilon of the principles of the unit hydrograph. 

Examples of hydrologic routing by direct application of the equation of continuity 
are the Clark Unit Hydrograph (Clark, 1945), the Santa Barbara Urban Hydrograph 
(Stubchaer, 1975), and the Single Linear Reservoir Model (Pedersen and others, 
1980). Both the Santa Barbara Urban Hvdroeravh and the Sinele Linear Reservoir 
Model are simplified (one parameter) versiois df the Clark ~ n i j ~ ~ d r o ~ r a ~ h  (three 
parameter) procedure (Sabol and Ward. 1985). Examples of unit hvdromaphs that - 
iequire a graphical procedure are the SCS ~imekionless  ~ i i t  Hydrograph, 
Snyder's Unit Hydrograph,Sgraphs, and unit hydrographs that are derived direct- 
ly from recorded runoff data. Graphicalor tabularmethods of routing rainfall excess 
by unit hydrographs are very amenable to hand-calculation methods commonly 
used before computers became readily available. Direct mathematical solution of 
the equation of continuity, such as the Clark Unit Hydrograph, is more efficiently 
conducted with computers and appropriate computer programs. 

The recommended procedures for routing rainfall excess in Maricopa County are 
either the Clark Unit Hydrograph or theapplication of selectedSgraphs; these two 
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methods are collectively referred to ds ilio Maricopa County Unit Hydrograph 
Proc.e&ure (MCUHSJ). The Clark Unit H ydrcgraph procedure, as described herein, 
2 reconmended for watersheds or subbasins less than about 5 square nriles in size 
hlth an upper limit of application of 10 square miles. The application of $.graphs 
is reccmmended for use with major watercourses in Maricopa County. 

A unit hydrograph is a graph of the time distribution of runoff from a specific 
watershed as the result of one inch of rainfall excess that is distributed uniformly 
over the watershed and that is produced during a specified time period (duration). 
Theduration of rainfall excess is not generally equal to the rainfall duration, because 
a unit hydrograph is derived from or is to be representative of a specific watershed. 
A unit hydrograph is a lumped parameter and reflects all of the physical charac- 
teristics of the watershed that will affect the time rate at which rainfall excess will 
drain from ihc land surface. 

The principles of the unit hydrograph were introduced by Sherman (1932) who 
observed that for a watershed all hydrographs resulting from a rain of the same 
duration have the same time base, and that ordinates of each storm hydrograph 
from the watershed are proportional to the volume of runoff if the time and areal 
distributions of the rainfalls are similar. The principles that are applied when using 
a unit hydrograph are: 

1. For a watershed, hydrograph base lengths are equal for rainfall excesses of 
equal duration. 

2. i-T-3mgraph ordinates are proportional to the amount of rainfall exc;!;s, 

3 it .:t@rm hydrograph can be developed by linear superposition of Incremental 
hplrographs. 

Applicationof these principles requiresalinearrelationbetween watershed outflow 
and storage within the watershed,S = KO. However, Mitchell (1962) has shown that 
nonlinear storage, S = KO', is a condition that occasionally occurs in natural 
watersheds. A method has been developed by Shen (1962) to evaluate the linearity 
of the storage-outflow relation for gaged watersheds. Mitchell (1972) developed the 
model hydrograph for use in watersheds that have nonlinear storage-outflow 
characteristics. Presently no method has beendevised to evaluate the linearity of an 
ungaged watershed, and the assumption of linearity is a practical necessity in 
virtually all cases. 

ydrologic routing by the Clark Unlt Hydrograph method is analogous to the 
routing of an mflow hydrograph through a reservoir. This analogy is flustrated m 
Figure 5 1 The mflow hydrograph, called the translation hydrograph in the Clark 
method, is determined from the temporal and spahal distribution of ralnfall excess 
over the watershed. The translation hydrograph is then routed by a form of the 
equation of continuity: 
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Oi is the instantaneous flow at the end of the time period; Oi-1 is theinstantaneous 
flow at the beginning of the time period; Ii is the ordinate of the translation 
hydrograph.; At is the computation time interval; and R is the watershed storage 
coefficient. The Clark Unit Hydrograph of duration, At, is obtained by averaging 
two instantaneous unit hydrographs spaced At units apart: 

where Ui .: the ordinates of the Clarkunit Hydrograph. 

The Clark method uses two numeric parameters, Tc and R, and a graphical 
parameter, the timearea relation. Clark (1945) defined Tc as the time from the end 
of effective rainfall over the watershed to the inflection point on the recession limb 
of the surface ~ n o f f  hydrograph as shown in Figure 5.2. In practice, for ungaged 
watersheds this time is usually estimated by empirical equations since runoff 
hydrographs from the watershed are not often available. 

The second parameter is the storage coefficient, R, which has the dimension of time. 
Th!,: parameter is used to account for the effect that temporary iffirage in the 
w??tirrshed has on the hydrograph. Several methods are available td estimate Rfrom 
recorded hydrographs for a basin. As originally proposed by Clark !i945), this 
paran?eter can be estimated by dividing the discharge at the point ot inflection of 
the surface runoff hydrograph by the rate of change of discharge (slope of the 
hydrograph) at the inflection point as shown in Figure 5.2. 

Another technique for estimating R is to compute the volume remaining under the 
recession limb of the surface runoff hydrograph following the point of inflection 
and to divide the volume by the discharge at the point of inflection. Both of these 
methods require the ability to identify the inflection point on the recession limb of 
the ~ n o f f  hydrograph. This is difficult if not impossible for complex hydrographs 
and flashy hydrographs such as occur from urban basins and nakral watersheds 
in the Southwest. A method to estimate R by a graphical recession analysis of the 
hydrograph has been proposed (Sabol, 1988) and this method provides much more 
consistent results than do the previously described methods. The parameter, R, 
should be estimated by the analysis of several recorded events; however, in most 
cases recorded discharge hydrographs are not available and R must be estimated 
by empirical equations. 

The time-area relation, a graphical parameter, is necessary to compute the transla- 
tion hydrograph. The time-area relation specifies the accumulated area of the 
watershed that is contributing m o f f  to the outlet of the watershed at any point in 
time. Procedures to develop a time-area relation for a watershed are discussed in a 
later section of this manual. 
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Figure 5.2 
Deflnitlon Sketch of Clark Unlt Hydrograph Parametei s 

from hydrograph analysis 

The application of the Clark Unit Hydrograph method is best described with a 
simple example A watershed is shown in Figure 5.3(a), and a rajnfall hyetograph 
and rainfall excess distribution are shown in Figure 5.3Co). For the example water- 
shed and given intwity of rainfall excess, the time of concentration is estimated at 
25 minutes. An i s h o n e  interval of 5 minutes is selected and the watershed is 
divided into five zone  by isochrones as shown in Figure 5.3(a). The areas within 
each isochrone zone are measured and the dimensionless time-area relation is 
developkd as shown in the table and depicted in Figure 5.3(c). The translation 
h y d r o ~ a p b  of the timerate of runoff isdeveloped by considering eachincremental 
unit of runoff production that would be available as inflow to a watershed routing 
model. For example, at the end of the first 5 minute of rainfall excess the runoff 
that is available at the outlet of the watershed is the product of incremental area A1, 
and the rainfall excess R1. 

where c = 60.5 ds/acreinch/minute 

~>>;*4$~<~<~?~~<.~~2.~+2,?~.Y>~*v~<~~~,~7A~:: . : . :s~:~~:~#" ,,,,, #~*~?~~:? . :~ ;> :> . :~?;~~>?~>,7>"~*&2z>; i~~~ ,>q9>~: , ;~ j ; :~~~4~>>2~~* , :< .~? ,~~ .~~ .~ ,m~~~;~>~~;~<~ . :~~~<<wn~~w,7  ,,,, *>%6,flL<* 
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At = 5 minutes 

11 = (8 acres)(.lO inch)(60.5 cfslacre-inch/minute)/iS r ~ h t e s )  

= 9.7 cfs 

At the end of 10 minutes the available runoff is 

C 
12 = (AlRz + A2Rl) x t 

60.5 
= [(8)(.55) + (24)(.10)1 x j 

= 82.3 cfs 

At the end of 15 minu ts  the available runoff is 

I3 = (AI& + A2R2 + &Rl) x 2 
605 

= [(8)(.30) + (24)(.55) + (38)(.10)] x 5 
= 234.7 cfs 

At the end of 20 minutes the available runoff is 

60.5 
= [(8)(.15) + (24)(.30) + (38)(.55)'+ (32)(.10)1 X 

= 393.5 cfs 

At  the end of 25 minutes the available runoff is 

~ ~ 

60.5 
= [(8)(0) + (24)(.15) + (38)(.30) + (32)(.55) + (18)(.10)1 x 5 
= 416.2 cfs 

Notice that, for this example, all incremental rainfalls equal 0.0 from R5 onward. 
At the end of 30 minutes the available runoff is 

60.5 
= [(38)(.15) + (32)(.30) + (18)(.55)1 x 5 
= 304.9 cfs 

June 1,1992 
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At the end of 35 minutes the available runoff is 

60.5 
: [(32)(.15) + (18)(.30)1 X -5 
= 123.4 cfs 

At the end of 40 minutes the available runoff is 

After 45 minutes (rainfall excess of 20 minutes plus travel time of 25 minutes) the 
available runoff is 

The translation hydrograph (Ii) is shown in Figure 5.3(d). This theoretical 
hydrograph has the correct volume of runoff from the watershed, however it does 
not reflect the effects of routing through the watershed. The translation hydrograph 
is then routed and averaged using Equations 5.2 through 5.4 resulting in the final 
runoff hydrograph. For this example, assume that R = 15 minutes, and the runoff 
hyf!ro::? w h  is shown in Figure5.3(d). Notice that the Clark Unit Hydrograph itself 
wa.-: ntvci developed per se but that the three principles of the unii, hytingraph 
were appiied directly (mathematically) to the rainfall excess without performing 
graphic>! superposition of ratios of a unit hydrograph. Computationally, this 
process can be completed very quickly and conveniently witha computer program 
such as is done with HEC-1. 

Limitations and Applications 

There are no theoretical limitations governing the application of the Clark Unit 
Hydrograph; however, thereare some practicallimitations thatshouldbe observed. 
Themethod that isused to estimate the parameters may dictatelimitations in regard 
to the type or sue of watershed that is being considered. If the parameters are 
estimated through an analysis or reconstitution of a recorded rainfall-runoff event, 
the parameters would beconsidered to be appropriate for that particular watershed, 
regardless of type or size. This is the preferred method of parameter estimation, but 
there will be limited opportunity for this approach because of the scarcity of 
instrumented watersheds in Maricopa County. The parameters could be estimated 
by indirect methods, such as a regional analysis of recorded data. In this case, 
application of the parameter estimation procedures should be applied only to those 
ungaged watersheds that are representative of the watersheds in the data base. Most 
often, the parameters are estimated by generalized relations that may have been 
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developed from a relatively large and diverse data base. The parameter estimation 
nrocedures that are recommended herein are of this last category. 

'She Clark Unit Hydrograph parameter estimation procedures that are presented in 
Lhis manual have been adopted, modified, or developed from an analysis of a large 
data base of instmmented watersheds, controlled experimental watersheds, and 
laboratory studies; therefore, the application of these procedures is considered to 
be appropriate for most conditions that occur in Maricopa County. The types of 
watersheds for which the procedures can be applied include urban, rangeland, 
developed and natural alluvial fans, agricultural, hillslopes, and mountains. 

Watershed size should be 5 square miles or less, with an upper limit of application 
to a single basin of 10 square miles. Watersheds larger than 5 square miles should 
be divided into smaller sub-basins for modeling purposes. Many watersheds 
smaller than 5 square miles should also be divided into sub- basins depending on 
the drainage networkanddegree of homogeneity of the watershed. The subdivision 
of the watershed into near homogeneous unitsshould result in improved accuracy. 
Subdivision may also be desirable or required to determinedischargesat concentra- 
tion points within the watershed. 

Development of Parameter Estimators 

The procedures for parameter estimation are based on available literature, research 
results, and analysis of original data. For example, the Tc equation is based on the 
recent research of Papadakis and Kazan (1987). A large data h s e  of recorded 
!.*infa!!-runoff data was compiled and analyzed in developing and testing the 
procedures. These data are for instrumented watersheds in Arkorla, New Mexico, 
<Lolorado, and Wyoming. A discussion of the development and testing of these 
procedures is contained in the Documentation Manual that is a companion to the 
Hydroloy Manual. 

Estimation of Parameters 

The following procedures are recommended for the calculahon of the Clark Unit 
Hydrograph parameters for use in Maricopa County. Other general procedures, as 
previously discussed, can be used, however, these should be approved by the 
jurlsdictional agency prior to undertaking such procedures 

5.5.1 Time of Concentration 
Time of concentration is defined as the bavel t i e ,  during the corresponding period 
of most intense rainfallexcess, for a floodwave to travel from the hydraulically most 
distant point in the watershed to the point of interest (concentration point). Note 
especially that Tc is not the travel time taken for a particle of water to move down 
the catchment, as is often cited in engineering texts. The catchment is in equilibrium 
when Tc is reached because the outlet then "feels" the inflow from every portion of 
the catchment (Bedient and Huber, 1988). Since a wave moves faster than a particle 
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of water, the time of concentration (and catchment equilibrium) occurs sooner than 
if based on overland flow or channel water velocities. An empirical equation for 
time o r  cancentration, Tc, has been adopted with some procedural modifications 
(Porn Papadakis and Kazan (1987): 

where Tc = time of concentration in hours 

L = length of the flow path for Tc in miles 

Kb = representative watershed resistance coefficient 

S = watercourse slope in feet/mile and 

i = the average rainfall excess intensity, during the time Tc, 
in inches/ horn. 

Watercourse slope, S, is the average slope of the flow path for the same watercourse 
that is used to define L. The magnitude of S can be calculated as the difference in 
elevation between the two points used to define L divided by the length, L. 
Watersheds in mountains can result in large values for S-which may result in an 
underestimation of Tc. This is because as slope increases in natural watersheds the 
runoff velocity does not usually increase in a corresponding manner. The slope of 
steep natural watercourses is often adjusted to reduce the slope, and the reduced 
slope is used in calculating runoff travel times. The slope of steep natural water- 
courses should be adjusted by using Figure 5.4. 

.,- ~ h e  s.!cr:!ion of a representative watershed resistance coefficient, Kb, simiiar in 
concept :o Manning's n in open-channel flow, is very subjective and therefme a high 
d e g m  of uncertainty is associated with its use. To diminish this uncertair,,!;, and to 
increa:;e the reproducibility of the procedure, a graph is provided in Figure 5.5 for 
the selection of Kb based on watershed classfication and watershed size. Interpola- 
tion can be used for a given watershed size and mixed classification. Equations for 
estimating Kb are given in Table 5.1. 

The value of i in Equation 5.5 requires the knowledge of both the distribution of 
rainfallexcess intensity and the timeof concentration, whichis, of course, unknown. 
Therefore, Equation 5.5 must be solved in a hial-and-error procedure. Fist, the time 
distribution of rainfall excess must be estimated for the design rainfall distribution 
and a graph of average rainfall excess intensity versus time prepared. Then a value 
of Tc is assumed and the corresponding value of i is read from the graph. Equation 
5.5 is solved with that value of i. If the calculated value of Tc is reasonably close to 
the value that was assumed for i then the solution is finished; if not, then assume a 
new value of Tc, recalculate i, and recalculate Tc with Equation 5.5. The solution for 
Tc should converge within three trials. 

A worksheet has been prepared that facilitates thecalculation of Tc. Appendix E is 
a copy of this worksheet and the Examples section of this manual shows how it is 
used. Alternatively, program "MCUHPI" can be used which will also provide the 
necessary HEC-I input file. 
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Flgure 5.4 
Slope Adjustment for Steep Watercourses In Natural Watersheds 

(Source: Dralnage Crlterla Manual, Urban Drainage and 
Flood Control Dlstrict, Colorado, May 1984.) 



Estlmetlon of Parameters 

3 2 P " L, r r  c.3 q q q e 5 x  2 d o :: o o o o o d  

5-1 2 June 1, 1992 



Unlt Hydrograph Procedures 

Table 5.1 
Equation for Estlrnatlng Kb In the Tc Equatlon 

Kb = rn log A + b 

r---- 

andlor well graded and un~form land 

surfaces have irregularly spaced 
roughness elements that protrude 
from the surface but the overall 
character of the surface is relatively 
uniform. Surface runoff is 

flow around the 

medium-sized roughness elements 

, ".at cause the flow to be diverted 

Some wetlands 

numerous short flow paths that are 
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5-52 Storage Coefficient 
Very I.~i,,k> iiterature exists on the estimation ot the storage coefficient (K) tor the 
~ l a r l ,  2nd Hydrograph. Clark (1945) had originally proposed a relation ibetween 
Tc and R since they can both be defined by locating the inflection point of a runoff 
k!yd-i'.?graph (refer to Figure 5.2). TheCorps of Engineers has discussed the develop- 
ment of regionalized relations for Tcand Rasfunctions of watershed characteristics 
in Training Document No. 15 W.S. Army Corps of Engineers, 1982b). According to 
Corps procedures, Tc and R are estimated from relations of Tc + R a n d  R/(Tc + R) 
as functions af watershed characteristics. These forms of empirical equations indi- 
cate an interrelation of Tc and R, and such dependence was observed in the data 
base, as discussed in the Documentation Manual. The equation for estimating R for 
Maricopa Co:inty is: 

where R = storage coefficient in hours 

Tc = time of concentration in hours 

A = drainage area in square miles, and 

L = length of flow path in miles. 

5.5.3 Time-Area Relation 
Either a synthetic time-area relation must be adopted or the time-area relation for 
the watershed must be developed. If a synthetic timearea relation is not . . . i ;  the 
tune-i~r.?.:,  elation is developed by dividing the watershed into incrementi~l :-j~noff 
produ!.;l!~ areas that have equal incremental travel times to the outflow !.i>.cstion. 
This k- :i ':jifficult task and well defined and reliable procedures for thk are not 
availabic. ?'he following general procedure is often used: 

1. Use a topographic map of the watershed to trace along the flow path the 
distance from the hydraulically most distant point in the watershed to the 
outflow location; this defines L in both Equations 5.5 and 5.6. 

2. Draw isochrones on the map to represent equal travel times to the outflow 
location. These isochrones can be established by consideringThe land surface 
slope and resistance to flow, and also whether the m o f f  would be sheet flow 
or would be concentrated in watercourses. A good deal of judgement and 
interpretation is required for this. 

3. Measure and tabulate the incremental areas (in an upstream sequence) as well 
as the corresponding travel time for each area. 

4, Prepare a graph of travel time versus contributing area (or a dimensionless 
graph of time as a percent of Tc versus contributing area as a percent of total 
area). The dimensionless graph is preferred because this facilitates the rapid 
development of new time-area relations should there be a need to revise the 
estimate of Tc. 
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Synthetic timearea relations can be used such as the default relation in the HEC-I 
provam: 

where A* = contributing area in percent of total area and 

T* = time in percent of Tc 

Equation 5.7 is a symmetric relation and is not recommended for most watersheds 
in Maricopa County. 

Two other dimensionless timearea relations have been developed during the 
reconstitution of recorded rainfall-runoff events as described in the Documentation 
Manual. Thesedimensionless relations for urbanandnatural watershedsare shown 
in Figures 5.6 and 5.7. Each of these figures show asynthetic timearea relation and 
a shaded zone where the timearea relation is expected to lie. For an urban water- 
shed, the synthetic tirnearea relation of Figure 5.6 is recommended, and for a 
natural (undeveloped) watershed the synthetic timearea relation of Figure 5.7 is 
recommended. If a tirnearea relation is developed from the watershed map, which 
is generally recommended for unusually shaped watersheds, then the resulting 
relation should lie within the shaded zones in either Figures 5.6 or 5.7. The HEC-I 
default timearea relation is shown for comparison in each figure. Tabulated values 
of the dimensionless timearea relations are shown in Table 5.2. 

'.;':!e computation interval (NMTN) on the IT record of HEC-I mu% he selected to 
correspond to the time of concentration for the unit hydrograph. T!:!. requirement 
is necessary to adequately define the shape of the unit hydrograph. Z:rom Snyder's 
unit hydrograph theory, theunit rainfallduration for aunit hydrograph (computa- 
tion interval) is equal to lag time divided by 5.5. For the SCS Dimensionless Unit 
Hydrograph, the unit rainfall duration is to equal 0.133Tc, and although small 
variation in the selection of computation interval is allowed, the SCS recommends 
that the duration not exceed 0.25 Tc. .4lthough there is not a rigid theoretical 
limitation to how small thecomputation intervalcan be, froma practicalstandpoint, 
too small of a NMIN could result in excessive computer output. Therefore, as a 
general nrle the computation interval should meet the following: 

Equation 5.8 is preferred, however, as a general requirement NMIN should fall in 
the range indicated in Equation 5.9. 

NMIN is normally selected as a multiple of five minutes. This may require that 
watersheds with significantly different sub-basin sizes be modeled with some 
subbasins run separately and the outflow hydrographs from these separate runs 
read directly into the multi-basin model. 
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where the time-area 
relation for urban 
watersheds is expected 
to lie. 

U-D is the synthetic 
urban time-areo 
relation. 
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Figure 5.6 
Synthetlc TlmeArea Relation for Urban Watershed 
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Flgure 5.7 
Synthetlc TlmeArea Relatlon for Natural Watersheds 
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Table 5.2 
Values of the Synthetlc Dlmenslonless TlmeArea Relations 

for the Clark Unlt Hydrograph 

Concentration Watersheds 

graph is a dimensionless form of a unit hydrograph and it car) 5,: used in the 
place of a unit hydrograph in performing flood hydrology studies. 1 he concept of 
kite S-graph dates back to the development of the unit hydrograph itself, although 
the application of Sgraphs has not been as widely practiced as that of the unit 
hydrograph. TheuseofSgraphs has beenpracticedmainly by theU.S. Army Corps 
of Engmeers, Los Angeles District, and the U.S. Bureau of Reclamation WSBR). 

An example of an Sgraph from Design of Small Dams CUSBR, 1987) is shown in 
Figure 5.8. The discharge scale is expressed as percent of ultimate discharge (Qult), 
and the time scale is expressed as percent lag. Lag is defined as the elapsed time, 
usually in hours, from thebeginning of anassumedcontinuous series of unit rainfall 
excess increments over the entire watershed to the instant when the rate of resulting 
runoff equals 50 percent of the ultimate discharge. The intensity of rainfall excess 
is 1 inch per duration of computation interval (At). An equivalent definition of lag 
is the time for 50 percent of the total volume of runoff of a unit hydrograph to occur. 
It is to be noted that there are numerous definitions for lag in hydrology and the 
S-graph lag should not be calculated by methods that are not consistent with this 
definition. 

Ultimate discharge is the maximum discharge that would be achieved from a 
particular watershed when subjected to a continuous intensity of rainfall excess of 
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Flgure 5.8 
Example of an S-Graph from Deslgn of Small Dams (USBR, 1987) 

1 kci~ w.r duration (At) uniformly over the basin. Ultimatedischarge (Quit!, i - 1  !cubic 
feet p c  iwond (ds), can be calculated from Equation 5.10: 

where A = drainage area in square miles, and 

At = duration of the 1 inch of rainfaU excess in hours. 

Sgraphs are developed by summing a continuous series of unit hydrograph, each 
lagged behind the previous unit hydrograph by a time interval that is equal to the 
duration of rainfall excess for the unit hydrograph (At). The resulting summation is 
a graphical distribution that resembles anSgraph except that thedischarge scaleis 
accumulated discharge and the time scale is in units of measured time. This graph 
is terminated when the accumulated discharge equals Qult which occurs at a time 
equal to the base time of the unit hydrograph less one duration intervaL The basin 
lag can be determined from this graph at the time at which the accumulated 
discharge equals 50 percent of Qult. This summation graph is then converted to a 
dimensionless Sgraph by dividing the discharge scale by Qult and the time scale 
by 1%' 

, In practice, Sgraphs have generally been developed by reconstituting observed 
floods to define a reprgentative unit hydrograph and then converting this to an 



Unit Hydrograph Procedures 

3-graph. Prior to the advent of computerized models, such as HEC-1, flood recon- 
stitution was a laborious task of rainfall and hydrograph separation along with 
numerous hand-cranked simulations to define the reoresentative unit hvdroeraoh. , - .  
Modem S-graph development generally relies on use of optimization techniques, 
such as coded into HEC- 1, to identify unit hydrograph parametersthat best reproduce 
the observed flood 

Although an S-graph is completely dimensionless and does not have a duration of 
rainfall excess associated with it as doesa unit hydrograph, its general shapeand the 
magnitude of lag is influenced by the distribution of rainfall over the watershed and 
the time distribution of the rainfall. Therefore, the transposition of an S-graph from 
a gaged watershed to application in another watershed must be done with considera- 
tion of both the physiographic characteristics of the watersheds and the hydrologic 
characteristics of the rainfalls for the two watersheds. 

5.6.1 Limitations and Applications 

S-graphs are empirical, lumped parameters that represent runoff characteristics for 
the watershed for which the S-graph was developed. S-graphs that are developed 
from recorded runoff data from one watershed can be applied to another watershed 
only if the two watersheds are hydrologically and physiographically similar. In 
addition, a recent study for the Flood Control District of Maricopa County (Sabol, 
1987) has demonstrated that the shape of S-graphs is significantly affected by storm 
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may 
not be advisable to adoot S-nraohs that have been develooed from one hvdrolonic 
zone and to apply theseio wGeriheds in other hydrologic zones because of 
differences in rainfall characteristics in the two zones that mav affect the shape of 
the S-graph. Application of S-graphs requires the selection of an appropriate S-graph 
and the estimation of the one parameter, basin lag. Four S-graphs have been selected 
for use in Maricopa County and a method to estimate lag is provided. 

The USBR has revised the Flood Hydrology Studies chapter of Design of Small 
Dams (USBK 3rd Edition, 1987), and it has identified S-graphs for application in 
six generalized regional and physiographic type ofwatersheds. Recently, the USBR 
has issued a Flood Hydrology Manual (Cudworth, 1989) that contains extensive 
discussion of flood hydrology in general, and S-graphs in particular. Both of these 
references should be consulted before using S-graphs. The S-graph has been adopted 
as the unit hydrograph procedure by Orange County and San Bernardino County, 
California, and selected S-graphs are presented in the hydrology manuals for those 
counties. The S-graphs in those hydrology manuals have been selected primarily 
from S-graphs that previously had been defined by the U.S. Army Corps of 
Engineers, Los Angeles District from a rather long and extensive history of analyses 
of floods in California. 

An S-graph can, in theory, be used in any application for which an unit hydrograph 
can be used. In practice an S-graph must be first converted to an unit hydrograph, 
and this can be done by one of two methods. First, The S-graph can be converted to 
an unit-hydrograph manually; or second, the S-graph can be converted to an unit 
hydrograph by use of the MCUHP2 program. The MCUHP2 program outputs the 
HEC-1 input file with the S-graph converted to an unit hydrograph, and the unit 



hydrograph is twitten to aHEC-1 input file using the UI (Given Unit Graph) record. 
The use of MCUHP2 greatly facilitates the use of S-graphs. 

Although the S-graph is completely dimensionless and does not have a rainfall 
excess duration associated with it, the unit hydrograph does require the specification 
of a duration. In general, the same rules and recommendations apply to the S-graph 
as were made for the Clark Unit Hydrograph; that is, the duration (computation 
interval, NMIN) selected for the development of the unit hydrograph from a S-graph 
should equal about 0.15 times the iag A duration WIN) in the range 0.10 to 0.25 
times the lag is usually acceptable. 

5.6.2 Sources of S-Graphs 
S-graphs for Maricopa County have been selected from a compilation of S-graphs 
for the Southwestern United States (Sabol, 1987a) and an evaluation of S-graphs 
(Sabol, 1993a) used in the Unit Hydrograph Study (Sabol, 1987b). The sources of 
S-graphs for that compilation were reports and file data of the U.S. Army Corps of 
Engineers, Los Angeles District, and the U S B q  as well as data collected for the Unit 
Hydrograph Study from gauged watersheds in Walnut Gulch, Tucson, Albuquerque, 
Denver, and Wyoming. 

5.6.3 S-Graphs for Use in Maricopa County 
The four S-graphs selected for use in flood hydrology studies in Maricopa County 
are the Phoenix Mountain, the Phoenix Valley, the DesertIRangeland, and Agricul- 
tural S-graphs. The Phoenix Mountain S-graph is to be used in flood hydrology 
studies of watersheds that drain predominantly mountainous terrain, such as A y a  
Fria liiver above Rock Springs, New River above the Town ofNew River, the Verde 
k:,er-, Tmto  Creek, and the Salt River above Phoenix. Although the Corps of 
Engineers developed a separate S-graph for Indian Bend Wash, it is nearly identical 
to the Phoenix Mountain S-graph which may also be appropriate for Indian Bend 
Wash. 

ThePhoenix Valley S-graphis appropriate for flood hydrology studies ofwatersheds 
that have little topographic relief andlor urbanized watersheds. However, the Clark 
method is still the preferred unit hydrograph method for use in urban areas in 
Maricopa County. The Desertmangeland S-graph is appropriate for use in natural 
areas with little to moderate relief, such as foothills, distributary flow areas, and other 
undeveloped desert areas. The Agricultural S-graph as the name suggests should be 
used for areas under agricultural crops like cotton, wheat, or vegetables. Table 5.4 
summarizes the four S-graphs and describes their general areas of applicability. 

The four S-graphs are shown inFi&res 5.9,s.  10,5.11, and 5.12 and the coordinates 
of the graphs listed in Table 5.3. The selection of S-graph should be made based on 
a comparison of the watershed of interest to the watershed(s) used to develop the 
various S-graphs. 
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Unit Hydrograph Procedures 

Table 5.3 
Tabulation of Coordinates for S-graphs 



Thc appiication of an S-graph ~ q u i r e n  ?hs estimation of the parameter, basin lag, A 
general relationship for basin lag es i? fuciction of watershed charasteristics is given 
by Equalion 5,:Li: 

where Lag=basin lag in hours 

L = length of the longest watercourse in n~iles 

Lca = length along !he watercourse to apoint opposite the centroid in 
miles 

S == watercourse slope in feet per mile 

C = coefficient and rn & p = exponents. 

The Corps of Engineers often uses C = 24Kn where Kn is the estimated mean 
~Manning's n for all the channels within an area, and m = 0.38. The USBR (1987) 
has recommended that C = 26Kn and m = 0.33. Both sets of values in Equation 5.1 1 
will often result in similar estimates for Lag. Traditionally the exponent, p, on the 
slope is equal to 0.5. 

It should be noted that Kn is a measure of the hydraulic efficiency of the watershed 
and i t  is not necesszrily a constant for a given watershed for all rainfall d2pths and 
rai:>ia!i intensities. Ac rainfall depth andlor rainfall intensity increases the e;liciency 
of runoff increases and Kn decreases. Therefore, some adjustment in Kn should be 
made for use with rainfalls of different magnitudes (frequencies). Generally, K n  is 
the smallest for extreme floods such as PMFs and increases as the frequency of event 
increases. 

5.6.4.1 Selection of Kn The selection of a representative Kn value for a particular 
watershed is an irtherently subjective process. I-Iowever, some guidelines are given 
for the selection of Kn in Maricopa County in conjunction with the four recom- 
mended S-graphs. Table 5.4 contains a summary of these guidelines. Additional 
guidance may be gleaned from the calculated Kn values for numerous watersheds 
provided in Appendix K.  Care should be taken to keep in mind the limitations 
discussed above when selecting Kn for any given watershed. 

Several graphical relations are available for estimating basin lag. One such relation 
(U.S. A m y  Corps of Engineers, 1982a) is shown in Appendix K Several other 
relations that should be consulted when using S-graphs are contained in Design of 
Small Damr (USBR, 1987) and the USBR Flood Hydrology Mat~ual (Cudworth, 
1989). 
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When estimating basin lag the following steps should be used: 

1 From an appropriate map of the watershed, measure drainage area (A), and the 
values of L, Lc~, and S. 

2. Calculate the basin factor ~ L c a / ( s ~ ' ~ ) .  

3. Use data in Appendix K or  the tables in Design oJSmall Dams or  the Flood 
HydrologyManualto attempt to identify watersheds of the same physiographic 
type and similar drainage area and basin factor Make a list of watersheds with 
similar drainage areas and basin factors, and tabulate the estimated value of Kn 
for those watersheds, and the measured lag 

4,  Estimate Kn for the watershed by inspection of the tabulation, step 3 

9 Estimate lag by Equation 5 11 Use values of C and m corresponding to the 
source S A m y  Corps of Engineers or USBR) that was used to estimate Kn 

6 Compare the calculated lag with the measured lag for similar watersheds (step 3) 

The use of measured values of Kn from hydrograph reconstitutions of similar 
watersheds will provide the most reliable estimates of Kn and basin lag. 
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Table 5-4 
S-Graphs and i in  Values 

. . - 

and connected impervious areas and development of 
organized drainage improvements; extreme high values 
may be appropriate in very flat areas w i th  little or no 

, . drainage network --- 

canyons through which watercourses meander around 
sharp bends, over large boulders, and considerable 
devbris obstruction; grojnd cover, excluding small areas 
of rock outcrops. includes many trees and considerable 
underbrush; no drainage improvements 

slopes; watercourses meander in fairly straight channels 
wi th some boulders and lodged debris; ground cover 
includes scattered brush, cactus and grasses; no 

rainage improvements --- 
ariations from minimum i o  maximum toughriess due to  

d land surface hydraulic condition -- 

Note: I l ~ e  rnajority of  Kn data upon which these values are based collie fro111 rainfall-runoff events of  magnitude less than tlie lobyear event. 
?herefore, selected Kn  values for a given design stomi need to be evnluatcd for L11e purposes of modeling a particular watershed response 

I to that design storm. 



Channel Routing 

Channel 

Channel roubng involves generation of an outflow hydrograph for a reach where an 
inflow hydrograph is specified A reach is either an open channel with certain 
geometrical/st~ctural specifications, or a pipe with open channel flow This type of 
application assumes that the flow is not confined, and that surface configuration, 
flow pattern and pressure distribution within the flow depend on gravity It also 
assumes that there is no movement of the bed or banks In addition no backwater 
effects are considered 

A routing technique is normally required for a multi-basin design where flow is to 
he moved through time and space from one flow concentration point to the next. For 
the purposes of this manual, two types of open channels, natural and urbanized, are 
considered. Kinematic Wave Routing may be applied for urbanized channels since 
the routing process involves minimal attenuation Non-pressurized pipe flow will 
also be through Kinematic Wave Routing procedures Muskingum Routing may be 
used for natural, undeveloped channels since the method simulates outflow peak 
attenuation resulting from storage in the system. The Muskingum-Cunge Routing 
method may be used for both natural and man-made channels. However, since the 
1992 revisions to the Drainage Design Manual, Volume I, some problems have been 
discovered with the use of Muskingum-Cunge routing in certain circumstances. For 
example, different results may occur if NMIN is changed. Also, peak discharges 
have been noted to increase through a routing reach. This problem appears to be 
especially acute when quickly rising hydrographs are routed through steep channel 
reaches. Another problem occurs with flat or null hydrographs. The lack of wave 
celerity in these flat hydrographs causes HEC-1 to fail to complete normal program 
execution (i.e. it crashes). Therefore, a third routing method is suggested as an 
alternative to Muskingum-Cunge routing, if a change is required or preferred by the 
engineer or hydrologist. This third method is the Normal-Depth routing method. 
All of these routing methods are options in HEC-1 which is again the principle 
modeling tool of the Hydrology Manmtal. The Modified Puls method which is 
typically used for routing through a structure or a detention basin is discussed in 
detail i n  the Draitmge Design Manmral, Volmtme II, HHydrIics. 



Kinematic Wave Routing 

Kinematic Wave Routing 

The Kinematic Wave Routing as described in HEC-I can be applied for routing of 
overland flow, collector channels and the main channel. However, for the purposes 
of this manual, the overland flow option of the Kinematic Wave will not be used. 
The overland flow analysis will be performed using the Maricopa County Unit 
Hydrograph Procedure (MCUHP), described in Chapter 5 of this manual. Once a 
hydrograph is generatedthrough the MCUHP; it'can be used.as the inflow hy- 
drograph for an urbanized open channel or a pipe where an outflow hydrograph IS  

required. These reaches can be treated as collector channels or the main channel, as 
the case may be. 

6.2.1 Collector Channel 

Modeling of flow at a point where it becomes channel flow to a point where it enters 
the main channel is done as a collector channel element. It is assumed that the flow 
along the path of the channel is uniformly distributed This is a proper assumption 
for a case when overland flow runs directly into a gutter. It is also a reasonable 
approximation of the flow as it passes through a storm drain system from a catch 
basin and the collector pipes along the collector channels 

6.2.2 Main Channel 

The main channel element can be used to route inflow from an upstream subbasin 
or a combination of inflows from collector channels along a subbasin. The flow is 
assumed to be uniformly distributed, which appears to be a reasonable assumption 
when the flow is received from collector channels at several locations. 

6.2.3 Parameter Selection 

The data requirement for channel routing include surface drainage area, channel 
length and slope, channel shape and geometry, Manning's n, and the inflow hy- 
drograph. The designer is referred to the HEC-I manual for the proper selection of 
these parameters. 

When working with the Kinematic Wave Method, it is important to be familiar with 
the computational procedures inherent in the model. In order to solve the governing 
equations which theoretically describe the Kinematic Wave Method, proper selec- 
tion of time step and reach length are required. The designer will specify a channel 
reach length and a computational time step for the inflow hydrograph. This time step 
could very well be different from the one selected by the computer for computational 
purposes. Furthermore, the computer will use this information to select distance 
intervals based on the given reach length. 

The computational process could unrealistically attenuate the outflow peak. It 
appears that a longer reach length would cause more attenuation. To overcome this 
problem, the September I990 version of HEC-I will calculate the outtlow peak by 
applying both the time step selected by the designer as well as the one selected by 
the program. Ifthe resulting peaks are not reasonably close, the designer can modify 
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Channel Routing 

the selected time step or the reach length to improve the calculations. It should be 
noted that the program will compare peak flow values for the main channel and not 
the collector channels. 

uskingum Routing 

Flow routing through natural channels can be accomplished by applying the Musk- 
ingumRouting technique.The main~ckiaracte'stic af naturalchannels withrespect 
to routing is that the outflow peak can be drastically attenuated through storage loss, 
a process which is simulated by Muskingum routing. 

6.3.1 Parameter Selection 

Application of Muskingum Routing requires input values for parameters X and K. 
ParameterX has a range of values 0.0 to 0.5, where O.OLrepresents routing through 
a linear reservoir and 0.5 indicates pure translation. ParameterK indicates the travel 
time of a floodwave through the entire routed reach. There are several methods which 
can be used to estimate K such as average flow velocity adjusted by a celerity factor, 
the time difference between peak inflow and peak outflow, or by using stage-dis- 
charge relationships. For more details the reader is referred to the HEC-1 manual 
and Chapter 7 of this manual. Once again, since the computational method within 
HEC-1 may result in an unstable solution, parameters K, X, and NSTPS (number of 
steps) must be checked to insure that an adequate number of subreaches is used. 

In those rare situations that observed inflow andoutflow hydrographs are available, 
K, X, and NSTPS can be calibrated by trial and error to enable reproduction of 
outflow hydrographs. Chapter 5 ofthe U.S. Bureau of Reclamation's FloodHydrol- 
ogy Manual (Cudworth, 1989) is an excellent source of Muskingum routing infor- 
mation. 

Muskingum-Cunge Routing 

The Muskingum-Cunge routing method is based on the principle of  hydraulic 
d~ffusivity, which simulates an attenuation of the flood peak through the routing 
reach This method can be used for both man-made and natural channels where 
overbank flow is expected, provided the conveyance can be accurately described 
with an eight-point cross section A complete description of Mushngum-Cunge 
applications and guidelines for parameter selection can be found in the September 
1990, and later versions of the HEC-1 Flood Hydrograph Package, 7Jser S Manual. 

6.4.1 Parameter Selection 
Input data for Muskingum-Cunge routing include energy slope (or bed slope), reach 
length, and either the channel shape and a single Manning's "n" for a man-made 
channel, or an eight-point cross section with channel and overbank roughness 
coefficients fora natural channel. Example 8 provides guidance on both applications 
of Muskingum-Cunge routing. 



Normal-Depth Rooting 

Normal-Depth Routing 

The Normal-Depth routing method uses the modified Puls routing method with 
storage and outflow data being computed by HEC-I from channel characteristics 
entered by the user into the HEC-I data file. This method allows the user to define 
a representative 8-point cross-section for the routing reach as  well as overbank and 
main channel roughness values. For a complete description of the use and applica- 
tion of Normal-Depth routing in HEC-1 refer to the HEC-1 User's Manual 

January 1,1995 



General 

The methodologies presented in this Manual are, for the most part, standard 
procedures andpracticescornmonly used in hydrologicanalysis. However, the user 
of the manual may not always be familiar with these techniques because of a 
different previous experience or interest. A number of examples were developed to 
familiarize the user with the presented methods as well as the details of parameter 
estimation. In addition, this Chapter should provide some general suggestions to 
facilitate particular applications. 

Some of the design rainfallaiteria that are contained inchapters 2 and 3 werebased 
on the analysis of published rainfall statistics for the Phoenix metropolitan area. 
Specifically, the2-hour storm dishibution (Figure 2.15), Pattern No. 1 of the 6-hour 
storm distribution (Figure 2.161, and the intensityduration-frequency relation (Fig- 
ure 3.2), were ddeveloped from rainfallstatistics in NOAA Atlas 2 for the Phoenix 
Sky Harbor Airport location. 

Those two storm distributions are dimensionless and therefore there may be little 
deviation between the use of those distributions and distributions that would be 
developed by the same procedure, but using sitespecific rainfall statistics from 
NOAA Atlas 2 The 2-hour dishibution and Pattern No. 1 of the 6-hour distribution 
are intended to be applicable throughout Maricopa County. However, there could 
be situations where sitespecific distributions would be appropriate. In such cases, 
the distributions can be developed by the same procedures that were used to 
develop the distributions in this manual. The Documentation Manual should be 
consulted to obtain the details of the procedure. The use of the PREFRE program 
is encouraged in the development of the sitespecific depth-duration-frequency 
statistics. 
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Notes on Calculatlng Loss Parameters 

When using the Rational Method in Maricopa County, the intensityduration-fre- 
qile:icy (I-D-F) curve (Figure 3.2) is fc,r ;hi. !'hc:?nix :-netropolitari area. 'That I-D-F 
curv? Tan beused !hroughout Mariccpa Ct1ur.t~; however, therecould besituations 
where a site-specific I-D-F curve would 5r apprcp~iate. In such cases, ihe I-D-F 
Luraecan bedeveloped fromsite-specific raiiifall statistics komNOAAAtlas 2.  The 
use of the PREFRE Program is encouraged when developing the site-specific 
depthduration-frequency statistics. I-D-F graph paper is provided in Appendix G. 

Beforedeveloping and using site-specific rainfall criteria (the 2-hour storm distribu- 
tion, Pattern No. 1 of the 6-hour distribution, or the rainfall intemityduration-fre- 
quency relation), this should be discussed with the Flood Control District and the 
local agency. 

Notea on Calculating Loss Parameters 

1. Since many of the soil groups contain honzom of different textures, the top 
horizon may or may not control the total volume and rate of infiitrabon. The 
decision of whichsoil layercontrols theinfiltration rateis basedon soil texture, 
honzon thickness, and the accumulated depth of water during the Initial 
low-intensity period of a deslgn storm. As a general rule, sandy and loamy 
sand soils less than 2 inches thick will not act as the controlling honzon during 
a 100-year design storm. 

2. Use caution when applying impervious cover percentages using the RTIMP 
variable. RTIMP will directly convert the assigned percentage of areai rainfall 
to nmoff. If the SCS soil description lists a soil group as having 25 percent rock 
outcrop, 25 percent of the area will contribute direct runoff to the outlet only 
ii ihe rock outcrop areas are hydraulically connected, which is rarely the case. 
This situationalso exists in urban areas, where the impervious areas arestreets 
and driveways rather than rock outcrop. Good judgement should be used to 
assess flowpaths and the infiltration characteristics of soils adjacent to imper- 
vious areas when using the RTIMF variable. 

3. There are currently three Soil Survey volumes available for Maricopa County 
and adjoining areas, generally in the central, eastern, and northern regions. 
Copies of the Soil Surveys can be obtained from the Soil Conservation Service 
Field Offices. 

4. Map unit values of XKSAT (bare ground) have been calculated based on in- 
dividual soill textures, percentage of soil textures in a map unit, XKSAT values 
from Table 4.2, and a logarithmic area-weighting procedure. Thge map unit 
values of XKSAT are provided in Appendices A, 8, and C. Those values can be 
used, in most cases, to calculate basin or subbasin average values of XISAT. 

5.  The PSIF and DTHETA values are taken from Figure 4.3 as a function of the 
basin or subbasin average value of XKSAT!bare ground). 

6. XKSAT (bare ground) is adjusted for the effects of vegetation cover by use of 
Figure4.4. ThePSIFand DTHETA valuesarenct adjustedforvegetationcover. 



Notes on the Application of the Clark Unit 
Hydrograph and the Calculation of Parameters 

1. The Clark Unit Hydrograph procedure was developed from a database that 
includes both urban and natural (undeveloped) desert /rangeland watershed. 
Its primary application is for urban watersheds, but is applicable for 
desert/rangeland watersheds also.. In general, -it should not be appljed to 
agricultural fields or steep mountain watersheds. 

2. The size limitation for a watershed or modeling subbasin must be observed 
when using the Clark Unit Hydrograph procedure. The recommended size 
limit is 5 square miles with an upper limit of 10 square miles. In addition to 
that limit, the calculated Tc should not exceed the duration of rainfall excess. 
For example, a Csquare mile subbasin is being used for which the duration of 
rainfallexcess is calculated to be 1.0 hour and the Tc is calculated as 1.5 hours. 
The Clark procedure should not be used and the modeler has two options: 
(I) subdivide the subbasin into two or more smaller subbasins so that none of 
the Tcs exceed the duration of rainfall excess; or (2) use another unit 
hydrograph procedure such as the S-graph. 

3. Tc represents the time for a floodwave to travel from the hydraulically most 
distant point in the watershed to the outlet during the most intense period of 
rainfall excess. The flow path length (L) represents the hydraulic length cor- 
responding to Tc. For a natural channel, L is the length of watercourse from 
theoutlet to apointdefining the hydraulically most distant point. For anurban 
basin where flow is mainly instreets and no primary channels exist, an average 
flow path should be selected, such as a line parallel to grade from the outlet to 
the upper watershed boundary. 

4. Excess Rainfall Values: When developing the peak period of rainfall excess on 
the "Calculation of Tc & R worksheet (Appendix E), start at the largest depth 
for theAtused,choose thelargest valueaboveorbelow thepeak, thenthevalue 
above or below those two, and so onso that a contiguous grouping results. Do 
not list the depth values in a strictly descending order unless they are con- 
tiguous. Example: 

Time Excess(in) Rank Sorted 

1415 0.21 6 i-* 0.40 



Motes on the Application of S-graphs 

Alternatively, program "MCUHPl" can be used to calculate Tc and R. This 
program will also construct the basin HEC-1 input file containing the appro- 
priate Clark input (UC and UA records). 

5 .  Worksheet: The worksheet allows a maxlmum of eight excess rainfall values 
to be entered, and this is sufficient in most cases. As a result, ifAt = 5 minutes 
(where At is hydrograph time step), then Tc should be less than (8*5)=40 
minutes. For At = 10 minutes, Tc < 80 minutes, and so on. Remember that in 
no case should Tc be less than At for computaiional stability The worksheet 
can be modified to allow calculation using any number of rainfall excess 
values. The worksheet is not needed if the MCUHF'1 program is used 

6.  Remember that Tc is a function of excess rainfall intensity and must be 
recalculated when the duration or frequency of a design storm is changed If 
multiple frequencies are desired for a given duration, it may be acceptable to 
construct a graph of Tcvs. Frequency, when the peak producing portion of the 
distribution is maintained. In such a case, plotthe 2, 10, and 100 year Tcvalues 
on semi-log paper, and interpolate intermediate values. 

7. When calculating Tc for natural watersheds with overall slopes greater than 
200 feetimile, use Figure 5.4 to adjust the slope. 

8. Jn cases where more than one basin roughness exists in a watershed, the basin 
roughness factor (Kb) should be weighted in the following manner: 

Say a 3.75 square mile watershed is 35 percent "moderately low roughness" 
(Type B) and 65 percent "moderately high roughness" (Type C). Calculate Kb 
separately for each roughness category, then weigh according to percentages, 
i.e.: 

Type B - -0.01375 (log 3.75 x 640) + 0.08 = 0.034 

Type C - -0.025 (log 3.75 x 640) + 0.15 = 0.065 

Kb = (0.35)(0.034) + (0.65)(0.065) = 0.054 

7.5 Notes on the Application of S-graphs 

1 The recommended S-graphs for Maricopa County, i e., Phoenix Mountain, 
Phoenix Valley, Deseflangeland, and Agricultural S-graphs, should only be 
applied to large, natural watersheds The Phoenix Valley S-graph can also be 
applied to large, urban basins. This is in part due to the fact that the original 
data base in Arizona applied the methodology to large watersheds As a lower 
limit of application a watershed area of 5 square miles can be considered 

2. The Kn should be selected from the best available information. General 
guidance and some regional data are available from the U.S. Army Corps of 
Engineers (Figure 5.1 1). A broader range of data for watersheds in Maricopa 
County is provided in the U.S. Bureau ofReclamation, FloodHydrologyMa7nral 

P . ~ . - % - . - - s - . A r J m ~  -m 
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Application 

(Cudworth, 1989). The 5-Graph Stirdy (Sabol, 1987) contains Lag and watershed 
characteristics data that are sot generally contained in other publications. 
These sources should be cocsulted when selecting Kn. 

3. The manual discusses two slightly different forms of the Lag equation, one by 
:he U.S. Army Corps of Engineers and one by theU.S. Bureau of Reclamation. 
The form of the equation that corresponds to the source used in selecting Kn 
should be used. 

4. Program MCLHP2 can be used to convert an S-graph into a unit-graph. This 
program, provides the necessary basin HEC-1 file with the appropriate rainfall 
pattern distribution. 

5. The length to centroid (Lca) is measured along L to a point on L that is 
essentially opposite (perpendicular to) the basin centroid. h a  is not measured 
to the centroid unless the centroid happens to lie on the flow path line (L). 

Notes on the Application of Kinematic Wave 
Routing 

1. Kinematic Wave Routing is most appropriately used where peak attenuation 
and channel transmission losses are not expected to be significant. The usual 
applications are for d e f i e d  urban charnels and short, steep natural channels. 

2. The computational procedure of the Kinematic Wave Rout;;ig  method may 
unrealistically attenuate the outflow peak. It appears that longerreachlengths 
cause more attenuation. To overcome this problem, the mo; t, recent versions 
of HEC-I will calculate the outflow peak by applying both the time step 
selected by the designer as well as the one selected by the program. If the 
resulting peaks are not reasonably close, the designer can modlfy the selected 
time step or the reach length to improve the calcuiations. It should be noted 
that the program will compare peak flow values for the main channel and not 
the collector channels. 

3. When working with Kinematic Wave Routing, channel capacity must be 
checked to assure proper conveyance of flow prior to the HEC-1 run. Other- 
wise, if the channel is undersized, the program will automatically extend 
channel boundaries to contain the flow. 

4. The guidance, comments, and warnings in the HEC-1 User's Manual should 
be studied and carefully observed in applying the Kinematic Wave method. 

June 1, 1992 



Notes on the Appllcatlon of Musklngum Routlng 

Notes on the Application of Muskingum Roufing 

1. The Muskingum Routing method can be used where flood peak attenuation 
is expected. The best application of this method is for larger rivers with 
relatively flat slopes. 

2. The parameters, K and X, are best determined by the analysis of streamgauge 
data, if available. Where such data are available, K and X can be determined 
by analytic methods as presented in many hydrology textbooks, or the HEC-I 
parameter optimization option can be used. Other regional flood studies (by 
the U S Army Corps of Engineers and others) may contain the results of such 
analyses for larger rivers in the County. 

3. The fnllowing parameter estimation procedures apply primarily to natural 
stream channels which convey a significant amount of flow in the overbank 
areas during design-frequency events. 

4. NSTPS: The choice of a number of subreaches for a particular stream reach can 
be checked for computational stability using the following equation from the 
HEC-I Manual: 

1 K 1 < -  
2 (I - X) ' NSTPSAf - 2 (X) 

where K = the travel time through the entire reach in hours 

X = Muskingum X' 

At = the computational time step (hrs), 

NSrPS = the integer number of subreaches. 

5. K. K is the travel time of the floodwave peak through the entxi e reach. 
Calculation using Manning's equation is usually an appropriate method for 
estimating the floodwave velocity, Vm, with the following provisions: 

A. Use an average channel area and wetted perimeter for the reach- 
assume bankfull conditions. 

B. Choose an 'n' value representative of the main channel only--do not 
include the overbank roughness in a weighted average. 

C. Calculate an average flow velocity for the reach (V). 
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Appllcatlon 

D. Use the followng ratios (Cudworth, 1989) to estimate Vm, the 
wiocitv sf the floodwave. 

Channel Geometry Vm/V 
Wide rectai~guiar 1.67 
Wide parabolic 1.44 
Triangular 1.33 

The value ofK is then estimated by dividing the reach length by Vm 

6.  X: For wide, shallow channels with low to moderate slopes and significant 
overbank flow during thedesign flood being modeled, choose X = 0.15 to 0.25. 
For steep to very steep, narrow, deep channels with little overbank flow, 
choose X = 0.25 to 0.40. 

Notes on the Application of 
Muskingum-Cunge Routing 

Muskingum-Cunge routing (RD record) is an option in HEC-I that often provides 
improved routing simulation over other routing options and it should be con- 
sidered for most channel routing requirements. The advantages of Muskingum- 
Cunge routing are: (1) the parameters of the model are physically based, and (2) the 
n!~thod simulates unsteady flow routing over a wide range of f l r d w  corid'itions. 

This optioncan.beused withvirtually anycharulei geometry,althcUghfornon-pris- 
matic channels, a "representative" channel geometry must be selected that repre- 
sents the actual channel geometry for the routing reach. For constructed channels 
and some natural channels, this routing option can be used by providing all input 
on the RD record only. This requires selection of a predetermined channel shape 
(see the HEC-I User's Manual). Complexchamel geometry and/or variable chan- 
nel roughness (channel and overbank) can be modeled with the additional use of 
RC, RX, and RY records. An eight-point cross section is input on the RX and RY 
records to describe the representative channel geometry. 

The Muskingum-Cunge option is encouraged in routing situations where flow 
attenuation due to routing is expected. This will occur in long, broad channels with 
relatively mild slopes. There is probably little advantage in using Muskingum- 
Cunge rouiing for short, relatively steep channels. In those cases, Kinematic Wave 
routing (RK record) may be adequate. For large rivers with gauging stations and 
recorded flood hydrographs, Muskingum routing (RM record) may be preferable. 
This is particularly true if recorded flood hydrographs are analyzed to estimate the 
Muskingum K and X parameters, and the HEC-I optimization routine can be used 
for this purpose. 
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Notes on the Appllcatlon of 
Muaklngurn-Cunge Routlng 

Several points, beyond those in the HEC-I 1,isefs Manual, are noted whrn using 
the h&.rkinu,ilrn-Cunge option: 

1. Execution of the HEC-I program may terminate with a math error message if 
the inflow to the routing reach is zero (no runoff generated from the upstream 
watershed). This may occur in situations that have either very low rainfall 
depth (intensities) or exceptionally high rainfall losses. Conversion of those 
RD records to RK (Kinematic Wave Routing) may provide an adequate solu- 
tion while maintaining a routine operation in the model. Conversion back to 
RD would generally be advised if model input is revised such that runoff to 
the routing reach is produced. 

2. 'The use of the Muskingum-Cunge routing option usually results in longer 
compuiation time in HEC-I. Run time may be increase3 appreciably when 
using the Depth/Area Storm option (JD record); however, this alone should 
not be a practical deterrent against using the Muskingum-Cunge method. 
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Aguila-Carefree 
Loss Rate Parameters 

&mptions and aiteria used in developing XSAT tables in A p p d c e s  A, 8, and C: 

I. Soil textures determined in the SCS Soil S w e y s  were used as a basis for 
rdculating XKSAT rather than individual soil sieve analyses. 

2. If a soil texture was described as "gravelly," "very gravelly," "extremely 
gravelly," etc., its textural dassificatinn was bumped up one level in Table 4.2 
to account for higher infiihation rates caused by increased biotic activity below 
surface gravels, and the decrease in areal pore dogging i r ~ :  ?]ling raindrops, 
Examg'r.: a "g~avelly lorn" h e m e  a "sandy loam." ii; . sandy loams 
were RG! bumped toioamy smd~~r~nlgss  they weredescrii..:: . ."very gravelly 
or "e~r.~emely pravelly." Conversely, "fine" and "very A r ! i .  , : i ~ d y  loams were 
bumped down to loams, due to their sieveanalyses. 

3. If a surface soilhorizon wasles than3 inches deep, itsXKSAT value was compared 
to the adpining horizon, and the slower rate was reported in the table. 

4. Minor Soil Terfures: if more than one texture is assigned to a soil name in the 
map unit d d p t i o n s ,  then its minor soil designation was assigned as that 
which most closely matched the mapr soil(s) for the map unit in question. Each 
minor soil was given equal weight in determining the weighted map unit 
average =AT. 

5. Rock Outcrop: Soil percentages within map units were normalized based on the 
percentage of rock outcrop stated in the soil surveys. Rock outcrop listed as a 
minor soil was ignored, since the chances are good that minor outcrop areas are 
not hydrologically connected to a subbasin concentration point. 

6. M n n c p  Cmtrnl Part Soil Surney: In the few cases where a minor soil percentage 
was not given, 5 to 15% was assumed depending on percentages assigned to 
other soils in the series. In the Eastern Maricopa survey, minor soils were 
ignored since no percentages were given and because their textures generally 
match those of the mapr soils. 



SOIL STUDY INDEX MAP 

= Aguila-Carefree Area Parts of Maricopa and Pinal Counties 

----- = Maricopa County, Central Part 
--------. = Eastern Maricopa and Northern Pinal Counties Area 
-- = County Lines 

= S.C.S. Digital Soil Data Availability Area 

= Unpublished S.C.S. Data Availability Area 

Based on U.S.D.A. Soil Conservation Service Information 



FLOOD CONTROL DISTRICT OF MARlCOPA COUNTY 

x a J E C T  .HYDROLOGY - /?9Z UPDATF .--._-FACE S - 

3ETAIL COMPUTED z A - c  I 

,- -r - C!iECP:ED 5 Y  -...----.--.2sA I L  

EXAMPLE.~  O F  XKSAT C 4 L C U L A T / O N . S  U S E D  T O  C O N S T R U C T  

T ~ B L E S  //v APPFND/C/FS A, B, and C .  - 

GRFYFAGLE GRAVELLY  L O A ~  AT / ,?a S r>c*Chc.s ( ~ 5 % )  

C O N T / f f F N T A L  CLAY LOAM AT 2 to 3- ~ n c h e s  ( 2 5  %) 
N / c K € L  V E R Y  6 R A V C L L Y  LOAM AT 0 t o 5  ('fiches (/S % ) 

M/NoR : ONACO C L A Y  LOAM 

S U N  C I T Y  S.4NDY CLAY LOAM 

C A V E  LOA Pi 3% each 

n O H A V E  C U Y  LOAH 

ARlZO LOAPIY SAND 

1,y  ~ A B L C  q2. 6 R A   YELL^ AND Y F R Y  GRAUFLLY LOANS (GREYFAGLE AND 

A / / C K f L )  W l L L  B E  ASSIGNtFD THF XKSAT VALUC FOR SANDY L O A M .  

/?ATOR S O / L S :  C M / O N /  VERYGRAYELLY L O A H  A T  0 - 6  r'nches (50%) 
ROCK OUTCROP ( 2 0  X )  

&'/NOR SO/LS : C A c H A D O  VERY B R A V E L L V  CLAY LOAM 

P / N A L  L O A H  30% 
GUdSIGHT L O A M  

R I L L I T O  L O A M  

SINCE T4'/5 N A P  UrV lT  CONTAINS RdCK O U T C R W ,  7W.F SOIL PC&CEN7A GES NL/ST 
5s NORPTALIZPO : CHERloNl  -4 c o / / o ~ - 2 ~  ' d Z . C %  

h'/NOR SMS -P s0/r0 a 37 .5% / Y  = 2 4  % csc h 

ZN T A 8 L €  g.2, VfRY G R A V E L L Y  L O A M  C C H P R I O N I )  W l L L  BE  ASSISNED TUE X K S T  VALUE 

FOR SANDY L O A M ;  VERY GRAVFLLY CLAY L O A N  U / L L  Bh A S S I B N C D  7HF VALLA€ 

F O R  JANDY C L A Y  L O A M .  

XKSAT ALOG, [ . 6 2 5 ~  leg . Y O )  t.094 ( l g .  0 6 )  t 3 ( . 0 9 4 )  ( l o g  . 25 ) ]  a 0 . 2 9  i . * / h r  





Aou~la-Ce.refree Soil Sumev 
~ ~~. . 

Map % of Control XKSAT, 
unn M ~ P  Horlzon Tab le  4.2 I nch /  
No. Sol1 tdam USDA Soll Texture unn Depth, inches Tercural Class hour 

-~ - 

Antho ~~!!!Yl&Xmrn &cL- - 1,2 -, 0-3 -- S3&Loam 5.41 
Camzo 4 Loamy Sand 
3ilman 4 Loam 
Marip 4 Sandy Loam 
Denure 4 Sandy Loam 
Monoli 4 Sandy Loam ---- - 

3,4 A h  Sandy Loam 35 0-3 Sandy Loam 0.58 
Canizo 
Mariw 
Brios 
Gilman 
Vinl 
Denure 
Momoli 
Canizo 

Loamy Sand 30 0-28 Loamy Sand 

-. Sandy Loam -- 20 0-18 Sandy Loam 
2.5 Loamy Sand 
2.5 Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 
2.5 Loamy Sand 

5 ~nu lony  - Sandy Loam 80 0-2 Sandy Loam 0.43 
Gila 10 Loam 
Adz0 10 Loamy Sand 

6,7 Antho Sandy Loam 40 0-2 Sandy Loam 0 E2 
Arizo Very Gravelly Sandy Loam 40 1 4  %.W 
Arizo Sandy Loam 20 ~ a n d j  ~t:m 

.. . . , .. -. . -- .- .. 

8 Anzo Very Cabbly Sandy Loam 80 1 4  Loaiiiv :';aid 0.25 
Sbatified - 20 Sanay i,::iln 

Sedimen: 

9 Beeline Sandy Loam, Loam, Fine Sandy 70 1-9 Loam 0.27 
Loam 

Cipriara Very Gravelly Loam 15 0-6 Sandy Loam - 
E b n  2.5 Silty Clay Loam 
Luke 2.5 Silty Clay Loam 
Gunsight 2.5 Loamy Sand 
Rillito 2.5 Loam 
Anulo 2.5 Sandy Loam 
Camzo 2.5 Loamy Sand 

0 Brios Loamy Sand 40 0-2 Loamy Sand 0.94 
Camzo Very Gravelly Sand -- 40 2 a  - Loamy Sand 
Anmo 5 Sandy Loam 
Gilman 5 Loam 
Marip 5 Sandy Loam 
Vint 5 sandy Loam 

June 1. 1992 



Aguila-Carefree Sail Survey - 
Map -. % o f  C o n t r o l  XKSAT, 
unn M a p  H o r i z o n  T a b l e  4.2 Inch1 
No. Sol! b&:riia USDA Soll T e x t u r e  'Jnlt Depth, Inches T e x t u r a l  Class hour 

-- . . . - 
12 cam,l;~.-- fve Clay - -- 80 1-50 Clay 0.01 

Beardsley 4 Clay 
ConSne 4 Clay Loam 
i b o n  4 Silly Clay Loam 

Sun City 4 Clay Loam 

Gadsden 4 Clay 

13 Carefree Clay 50 1-50 Clay 0.01 
Beardsley 40 2-36 clay 
Anlho 2 Sandy Loam 

Carrizo 2 Loamy Sand 
Contine 2 Clay Loam 

Ebon 2 Silty Clay Loam 
Sun City 2 Clay Loam 

14 Canizo Very Gravelly Sand -- 80 1-54 Loamy Sand I .04 
h t h o  6.7 Sandy Loam 
Matip 
Brios 

sandy Loam 
Loamy Sand 

15 Canizo 
Gunsight 
Brios 
Cariro 
Denure 
Cipriano 
Chuckawa!lr 
Momoli 
Pinamt 
Rillito 

Gravelly Sandy Loam 50 
Verv Gravellv Sandy Loam 30 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

0-5 Sandy Loam C.54 
1-54 Loamy Sand 

Loam: S3nd 
Loamy Swd 
Sar!cy i :_m 

Sanny Lliam 
Silt 
Sandy Loam 
Sand 
Loam 

- 

16, 17 Cellar Very Gravelly fine Sandy L o k  76.5 0-3 Sandy Loam 0.44 
Rock O u t w p  15 - 
Nickel 7.8 Sandy Loam 
Eba 7.8 Sandy Loam 
Arizo 7.8 Loamy Sand 

18 Chenoni W e m e l y  Gravelly Loam 71 Sandy Loam 0.33 
Rock OUIWP 15 1-10 - 
C i p W  7.25 Sandy Loam 
Gachado 7.25 Silt 
Gunsight 7.25 Loamy Sand 
Sun City 7.25 Clay Loam 

June 1. 1992 



Aguila-Carefree Soil Survey 

Map % o f  C o n t r o l  XKSAT,  
unit Map H o r l z o n  T a b l e  4.2 inchi 
No. S o l l  Nons  USDA SOll T e x t u r e  U n i t  Depth ,  inches T e x t u r a l  Class hour 

19, 20 Chuckawala Very Gravelly Sandy Clay Loam 

Goskl!?L Very Gravelly Loam . 
Sal 
"inamt 
Tremant 
Yillilo 
Anho 
Gilman 
Mar ip  

0-3 Sandy Loam ---- 
Silt 
Silt 
Sandy Loam 
Loam 
Sandy Loam 
Loam 
Sandy Loam 

21 Cipriano Very Gravelly Loam 80 0 6  Sandy Loam -- 6.38 
Cherioni 5 Sandy Loam 
Gunsight 5 Sandy Loam 
Sun City 5 Sandy Clay Loam 
Canizo 5 Loamy Sard 

22 Conbne Clay Loam 80 2-30 Clay Loam 0 04 
Carefree 6 67 Clay 
E b n  6.67 Silty Clay Loam 
Mohall 6.67 Clay Loam 

23 Conline Clay 80 0-12 Clay 0.01 
Carefree 6.67 Clay 
E b n  6.67 Silv Cuu :.om 
Mohaii 6.67 Clay L.o?:r 

24 Conlinenta: Clay 80 1-60 &l!L- 0.02 
Eba 10 Sandy Loam 
Mohave 10 Clay Loam 

25 Codnental Clay 80 0-60 Clay 0.02 
Eba 10 Sandy Loam 
Mohave 10 Clay Loam 

26 ConlinenM Clay 85 2-60 Clay 
Ohacu 7.5 Clay Loam 
Sun City 7.5 Sandy Clay Loam 

27 Conlnental Clay 55 1-60 Clay 0.01 
Mohave Clav Loam 20 2-20 Clay Loam 
Guest 25 clay 

- 

28 Conlnantal clay 70 260  Clay 0.02 
Oham Clay Loam 20 2-27 Clay Loam 
Eba 2.5 Sandy Loan? 
Sun City 2.5 Sandy Clay Loam 
Anthony 2.5 Sandy Loam 
Arizo 2.5 Loamy Sand 

June 1,1932 



Aguiia-Carefree Soil Survey 

Map % o f  C o n t r o l  X M S A T  
Untt M ~ P  H o r l z o n  T a b l e  4.2 r n c h l  
NO. Soil N?tn.c u S t A  Sol1 T e x t u r e  o n H  Depth ,  inches T e x t u r a l  C l a s s  hour 

29, 30 Denure Fine Sandy Loam 40 0-2 Loan: 0.34 
Momoli Gravelly Sandy Loam 30 0-10 Sandy Loam 
Camzo - Gravelly Sandy Loam 20 0-10 Sandy Loam 
Gilman 3.33 Loam 
Maripc 3.33 Sandy Loam 
Canizo 3.33 Loamy Sand 

31,32 Dixaleta 
Rock Outcrop 
Oham 
Nickel 
Cave 
Eba 
G ran 
Lehmans 

Eabemely Cobbly Sandy Loam 85 1 5  Sandy Loam 0.33 
- 
Clay Loam 
Sandy Loam 
Loam 
Sandy Loam 
Clay Loam 
Clay Loam 

- 

33,34,35 Eba Verv Gravelly Loam 80 0-3 Sandy Loam 0.23 
Pinalena 10 Sandy Clay Loam 
Continental 10 Clay 

- 
36 Eba Very Gravelly Loam 45 (0-3) Sandy Loam 0.07 

Continental Clay 35 (1-63) Clay 
Oham 5 Clay 1,r:m 
Pinaleno 5 Sar!rly <;lay Loam 
Sun Clty 5 Sandy Clay Loam 
Tres Hemanns 5 Clay Loara 

37,38 Eba Very Gravelly Loam 40 (0-3) S m  Loam 0.13 
ConCnental Clay 25 (1-60) clay 
Cave Loam 20 (1-14) Loam 
Anhony 2.5 Sandy Loam 
M z o  2.5 Loamy Sand 
Greyeagle 2.5 Sandy Loam 
Ohaco 2.5 Clay Loam 
Nickel 2.5 Sandy Loam 
Pinaleno 2.5 Sandy Clay Loam 

39 Eba Very Gravelly Loam 30 0-3 Sandy Loam 0.29 
Nickel Gravelly Loam 25 1-10 Sandy Loam 
Cave Loam 25 1-14 Loam 
M z o  4 Loamy Sand 
Pinaleno 4 Sandy Clay Loam 
Sun City 4 Sandy Clay Loam 
Greyeagle 4 Sandy Loam 
Ohaco 4 Clay Loam 

June 1,1992 



Aauild-Carefree Soil Survev 
~p~~~ ~~p- - ~ - 

Map % o f  C o n t r o l  X K S A T ,  
U n l t  Map H o r l z o n  T a b l e  4.2 I nch1  
NO. S o l l  Nonre U S D A  Soll T e x t u r e  U n n  Depth ,  Inches T e x l u r a l  Class hour 

-- - - -- 
40.42 Eba Very Gravelly Loam 45 0.3 Sandy Loam 0 . l i  

Pinaieno --- Clay Loam 35 1-12 Sandy Clay Loam 
An'zo 2.5 Loamy Sand 
,Anmony 2.5 Sandy Loam 
Confinentd 2.5 Clay 
Oham 2.5 Clay Loam 
Greyeagle 2.5 Sandy Loam 
Nickel 2.5 Sandy Loam 
Vado 2.5 Sandy Loam 
Tres Hemanos 2.5 Clay Loam 

41,43 Eba Very Gravelly Loam 45 0-3 Sandy Loam 0.17 
Pinaleno Gravelly Clay Loam -- 35 1-12 Sandy Clay Loam 
Oham 5 Clay Loam 
i r e s  H a r m m s  5 Clay Loam 
AnthDny 5 Sandy Loam 
An'zo 5 Loamy Sand 

44,45 Ebon Very Gravelly Clay 80 143 Silty Clay 0.03 
Cipriano 2.857 Sandy Loam 
ConCne 2.857 Clay Loam 
Beanjsley 2.857 Clay 
Luke 2.857 Silty Clay Loam 
Gunsigh; 2.857 Loamy Sand 
Mohal! 2.857 Clay Loam 
Pinamt 2.857 Silt 

46 Ebon Very Gravelly Clay 45 1 4  Silty Clay 0.03 
Contne Clay Loam 35 0-30 Clay Loam 
Beardsley 3.33 Clay 
Luke 3.33 Silty Chy Loam 
Pinamt 3.33 Silt 
Sun City 3.33 Sandy Clay Loam 
Tremant 3.33 Sandy Loam 
Canizo 3.33 Loamy Sand 

47 Ebon Very Gravelly Clay 35 143 Silty Clay 0.11 
GunsiiM Very Gravelly Sandy Loam 20 0 3  Loamy Sand 
C i p W  Verv Gravelly Loam -- 20 0-3 Sandy Loam 
Canizo 6.25 Loamy Sand 
Beardsley 6.25 CkY 
Confine 6.25 Clay Loam 
Luke 6.25 Silty Clay Loam 

June 1, IW 



Aguila-Carefree Soil Survey - 
Map % o f  C o  rrt rol XKSAT 
unn M ~ P  H o r l z o n  T a b l e  4.2 I nch1  
No. sol! h2ml.i USDA Sol1 Texture UnR Depth ,  Inches Textural C l a s s  hour 

48,49 Ebon Very Gravelly Clay 45 1-43 Silly Clay 0.06 
Pinarnt Very Gravelly Clay Loam 35 3-15 Silt 
Camzo 2.5 Loamy Sand 
Anho 2.5 Sandy Loam 
Conhe 2.5 Clay Loam 
Luke 2.5 Silly Clay Loam 
Cipriano 2.5 Sandy Loam 
Gunsight 2.5 Loamy Sand 
Momoli 2.5 Sandy Loam 
Tremant 2.5 Sandy Loam - 

50 Estlella Loam 80 0-21 Loam 0.26 
Gilman 6.67 Loam 
Valencia 6.67 Sandy Loam 
Mohall 6.67 Loam 

51 Gachado Vely Gravelly Sandy Clay Loam 
Lomilas Very Gravelly Sandy Loam 
Cherioni 
Camzo 
Ebon 
Contine 
Tremant 
Denure 
Gunsgilt 

50 2-8 Silt 0.24 
25 2-17 Loamy Sand 

3.571 Sandy Loam 
3.571 Loamy Sand 
3.571 Slty Clay Loam 
3.571 Cby L o r n  
3.571 Sand: i m m  
3.571 Sandy I. aaai 
3.571 Lo rn  j Sa~d 

52 Gachado Vely Gravelly Clay Loam 
Lomitas Vwy Gravelly Sandy Loam 
Rock Outcrop 
Camzo 
Chenoni 
Cipriano 
Ebon 
Gunsight 
Pinamt 
Schenm 
Vaiva 

1-7 Sandy Clay Loam 0.16 
0-10 Loamy Sand 

- 
Loamy Sand 
Sandy Loam 
Sandy Loam 
Silty Clay Loam 
Loamy Sand 
Sill 
Sandy Loam 
Sandy Loam 

53 Gadsden Clay 80 0-3 Clay 0.02 
Contine 10 Clay Loam 
Glenbar 10 Loam 

54 Gila Fine Sandy Loam 80 0-2 Loam 0.29 
Anhony 6.67 Sandy Loam 
Aizo 
Gila 

Loamy Sand 
Loam 



--- -.---- iiguila-Carefree 3oii Survey - --- 
~ e p  .. % o f  C o n t r o l  XKSAT. 
Unii M ~ P  H o r l r o n  'Table 4.2 I nch1  
NO. So11 Nsrnle IJSDA Sol1 Texture U n i t  Depth, Inches T e x t u r a l  C l o s s  h o u r  

~ 

5 5 , 5 6  Gilman Loam 80 0-5 Loam 0.27 --- -- 
AnU?o 1.818 sandy Loam 
Cam20 1.818 Loamy Sand 
Esrella 1.818 Loam 
Glenbar 1.818 Loam 
Manpo 1.818 Sandy Loa!n 
Valencia 1.818 Sandy Loam 
~ i n t  1.818 Sandy Loam 
Denure 1.818 Sandy Loam 
Momoli 1.818 Sandy Loam 
C h z o  4.818 Sandy Loam 
Gilman 1.818 ~ o a m  

-- . .- 
57 Gilman Clay Loam -- -- 80 -- 0-1 1 Clay Loam - 0.06 

Glenbar 10 Loam 
Vint 10 Sandy Loam 

- - - -- -- 
58,:9 Gilman Loam 40 0-2 Loam 0.34 

Momoii Gravelly Sandy Loam 25 0-22 Sandy Loam 
Denure - Gravelly Sandy Loam -- 20 0-9 Sandy Loam 
Camzo 3 Sandy Loam 
An to  3 Sandy Loam 
Carrizo 3 Loamy S;md 
Esrelia 3 Loam 
Mar ip  3 S a n q  L;wn 

- -- - - - -- - 
60 Glenbar ~ o a m  80 06 ~ o a m  0.26 

Antho 4 Sandy Loam 
Estella 4 Loam 
Gilman 4 Loam 
Vint 4 Sandy Loam 
Mohall 4 Loam 

61,62 Gran W m e l y  Gravelly Sandy Clay 40 1-12 Clay Loam 0.15 
M&nburg Gravellv Sandy Loam 35 0-1 Sandy Loam 
E ba 8.33 Sandy Loam 
Pinaleno 8.33 Sandy Clay Loam 
Anzo 8.33 Loamy Sand 

June 1,iW 



- Aguila-Carefree Soil Survey 

M ~ P  % Of C o n t r o l  XKSAT.  
unn Map Horizon T a b l e  4.2 Inch1 
NO. Soil Emno U S D A  So l l  T e x t u r e  Llnn Depth ,  Inches Tex tu ra l  C l a s s  hour 

- - 

S3,64 Gran 
W~ckenburg 
Rock Outcrop 
Dixaleta 
Lehmans 
Eba 
P~naleno 
Arizo 

- 

Extemely Gravelly Sandy Clay 40 1-12 Clay Loam 0.14 
Gravelly Sandy Loam 33 0-1 Sandy Loam 

'5 - 
5.4 Sandy Loam 
5.4 Clay Loam 
5.4 Sandy Loam 
5.4 Sandy Clay Loam 
5.4 Loamy Sand 

- - 

65 Greyeagle Gravelly Loam 
Conbnental Clay Loam 
Nickel Very Gravelly Loam 
Ohaco 
Sun City 
Cave 
Mohave 
Arizo 

45 1-5 Sandy Loam 0.19 
25 2-5 Clay Loam 
15 0-5 Sandy Loam 
3 Clay Loam 
3 Sandy Clay Loam 
3 Loam 
3 Clay h a m  
3 Loamy Sand - --- - 

% Greyeagle Very Gravelty Loam 55 1-5 Sacdy Loam 9.23 
Sun City Variant Gravelly Clay Loam -- -- 30 2-9 Sandy Clay Loam 
Ar ia  3.75 Loamy Sand 
Cave 3.75 Loam 
Ohacn 3.75 Cl2y :sun 
Nickel 3.75 S u l q  ;.am 

67 Guest---. -- clay 85 0-2 BY- 0.01 
Anthony 5 Sandy Loam 
Consnental 5 C ~ Y  
Mohave 5 .  Clay Loam 

68,69 Gunsight Very Gravelly Sandy Loam 45 160 Loamy Sand 0.63 
Cipriano Vefy Gravelly Loam 40 0-6 Sandy Loam 
Gilman 3 Loam 
Carrizo 3 Loamy Sad 
Pinamt 3 Silt 
Rillito 3 Loam 
Tremant 3 Sacdy Loam 



Agoila-Carefree Soil Survev 
-- 

Me9 % Of C O ~ ~ I  XKSA?', 
M a p  Horlzon T a b l e  4.2 I nch1  

NO. 9011 NHPB USDA S o i l  T a a u r e  Unlt Depth,  Inches Textural C l a s s  hour 

7Ci ?l 5i~nsight 
Rillito -. - - 
Canizo 
Chuckwalla 
Etwn 
M o M l  
Pinaml 
T!emant 
Cipriano 
Ailh 
Gilman 

Sandy Loam 0.36 
Sandy Lljam 
Loamy Sand 
Silt 
Clay Loam 
Loam 
Sill 
Sandy Loam 
Sandy Loam 
Sandy Loam 
Loam 

72.73 Lehmans ;ley ~ o a m  64 0-2 Clay Loam 0 09 
Rock Outcrop --_ 30 - -- - 
h m  7.2 Loamy Sand 
Eba 7 2 Sandy Loam 
P~naleno 7.2 Sandy Chy Loam 
Greyeagle 7 2 Sandy Loam 
Nckel 7.2 Sandy Loam 

74 Luke Ver! Gravelly Clay 45 1.28 Silty Clay 0.08 
Cipriano -- Very Gravelly Loam - 35 0 6  Sandy Loam 
Beardsley 2.857 C$v 
Coniinc 2.857 Clay i..oa,:~ 
Ebon 2.857 Siib Caf Lopm 
Pinamt 2.857 Si!l 
Sun City 2.857 Sandy Clay Loam 
Gunsight 2.857 Loamy Sand 
Canim 2.857 - -- Loamy Sand -- 

75 M~ha l l  - - Loam 80 0-7 Loam 0.23 
Gilman 5 Loam 
~ ler ibar  5 Loam 
Conijne 5 Clay Loam 
Tremont 5 Sandy Loam 

76 Mohall Loam - .- - 80 -- 0-7 - Loam 0.23 
Contine 3.33 Chy Loam 

Chy Loam 
Sandy Loam 
sandy Loam 
Loam 
sandy Loam 

June 1 ,  I92 



Agulla-Carefree Soil Survey 

M a p  
unn 
NO. S D ? ~  Nuv;;. 

% of C o n t r o l  XKSAT,  
M a p  H o r l z o n  T a b l e  4.2 I n c h /  

'JSDA S o l l  Tex tu re  Unll Depth,  Inches 'Textural Class hour 

77 Mohail . Clay Loam -- 80 0-2 Clay i saal 0.05 
G~lman 5 Loam 
Glenbar 5 Loam 
Conene 5 Clay Loam 
Tremant 5 Sandy Loam 

78 Mohall Clay Loam 80 0 4  Clay Loam 0.05 
Confne 3.33 Clay Loam 
Mohall 3.33 Clay Loam 
Tremant 3.33 Sandy Loam 
Anmo 3.33 Sandy Loam 
Estella 3.33 Loam 
Valencia 3.33 Sandy Loam 

79 . Mohall Clay 80 0-12 Chy 0.02 
Gilman 5 Loam 
Glenbar 5 Loam 
Conline 5 Clay Loam 
Tremant 5 Sandy Loam 

83, El Mohali Clay Loam 45 242  Clay Loam 0.08 
Tremant Sandy Clay Loam 25 1-5 Sandy Clay Loam 
Confine 3.75 Clay Lc;$:i~ 

Pinamt 3.75 Silt 
Sun Clrj  3.75 S a c  , ;ia.y warn 
Gunsighi 3.75 Loail:; ...':u 
Rillito 3.75 Loam 
AnW 3.75 Sandy Loam 
Carrizo 3.75 Loamy Sand 
Valencia 3.75 Sandy Loam 

82.83 Mohave Clay ioam 80 2-1 1 Clay Loam 0.06 
Gila 6.67 Loam 
Con~nental 6.67 Clay 
Tres H e n n m s  6.67 Clay ~ o a m  

84 Mohave Chv Loam 85 2-28 Clay Loam 0.05 
Mohave 3 Loam 
Conlinental 3 ChY' 
Tres Hermanos 3 Clay Loam 
Anthony 3 Sandy Loam 
Guest 3 Clay 

85 Mohave Clay ~ o a m  80 0-20 Clav Loam 0.04 
Gila 6.67 Loam 
Continenkd 6.67 Clay 
Tres Hennanos 6.67 Clay Loam 

June 1,1922 



----- Lgu;Ia-Carefree Soil Suri'ey .- -.---- ---.------ ----. 
Mar, % of Control XKSAT. 
Ll nR M aP Horizon Tabb a.2 incnl 
Irlo. Soil Name LlSDA So11 TexTuie Unit Depth, inches Textural Class hour 

-. ~ 
- . . -- - - . - .. 

86 Mohave Clay - Loam ~- -- .. --- 8 5 2-1 5 . Claj . - Loam - . . -- 0.05 
Anthony 3 Sandy Loam 
Gila 3 ioam 
Trei H m m s  3 Clay Loam 
Mohave 3 Loam 
Continental 3 Clay 

-- -- -- - -- - ~ p-.-....---p----.----..- -. 

87 Mohave Clay Loam 45 2-1 1 Clay Loam 0.04 
Mohave ~ l a i ~ o a m  ---- . -- -- -. - 
Mohave 

40 -. 2-5 C x L o a m  -. 

15 Clay Loam 
-- --- -~ . -. . - - 

38 Mohave Clav Loam 45 2-1 1 Clay Loam 0.02 ~ ~ ~, 
Guest %.. 
lvlohave 

. 40 2-6 0 - ??&L 
7.5 Loam 

Continental 7.5 Clay 
. -. - -. .- - -- . . --- 

89 Mohave Clay Loam 5 0 2-1 1 Clay Loam 0.06 
Tres Hmanos .- Gravelly -- ClayLgam 30 - 2-20 Clay Loam 
Arizo 5 Loamy Sand 
Anthony 5 Sandy Loam 
Continental 5 Clay 
Finaleno 5 Sandy Clay Loam 

~. - - --- 
90 Momoli - - Gravelly -. Sandy Loam 70 -- 0-3 - sandy Loam 0.39 

Carrizo 7.5 Loamy Sand 
Maripo 7.5 
Finamt 7.5 
Denure 7.5 

-. 

93. 92  Momoli Verv Gravellv Sandv Loam 4 5 

Sandy I.cam 
Silt 
Sandy Loam 

.~ 

1-60 Loamy Sand 0.93 
Carrizo - - 
Mohall 
Tremant 
Gunsight 
Chuckawalla 
Denure 
Gilman 
M aripo 
Carrizo 

93. 94 Nickel 

~ e j  ~ravelly sand; Loam . 35 0-1 1 Loamy Sand 
2.5 Loam 
2.5 Sandy Loam 

Gravellv Loam 

2.5 ~ o a m y  Sand 
2.5 Silt 
2.5 Sandy Loam 
2.5 Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 

~-...----A 

5 0 1-10 Sandy Loam 
Cave Loam 35 1-14 ~ o a m  --- 
A rizo 3.75 Loamy Sand 
Anthony 3.75 Sandy Loam 
Finaleno 3.75 Sandy Clay Loam 
Greyeagle 3.75 Sandy Loam 

January 1, 1 9 9 5  



Aguila-Carefree Soil Survey 

Map .- % o f  C o n t r o l  X K S A T  
U n H  M a p  H o r i z o n  T a b l e  4.2 inch, 
No. S o l l  N ~ n e  USDA so l1  T e x t u r e  Unit Depth ,  I n c h e s  T e x t u r a l  Class hour 

- -- -- 

95 Ohaco %&am @5 2-11 Cay Loam 0.04 
ConCnental 7.5 clay 
Sun City Variant 7.5 Sandy Clay Loam 

-- - 

96, 97 Pinaleno Gravelly Clay Loam 45 1-12 Sandy Clay Loam 0.07 
Tres Hermanos C!ay Loam - -- 40 2 4  Clay Loam -- 
M z o  2.5 Loamy Sand 
Mohave 
Greyeagle 
Eba 
Vado 
Nickel 

58,% Pinamt 
Tremant 
Carrizo 
Chuckawalla 
Ebon 
Gunsight 
Riilito 

2.5 Clay Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 
2.5 Sandy Loam 

Very Gravelly Loam 45 1-3 Sandy Lcam 0.37 

Gravelly Loam - 35 0-5 Sandy Lcam - ---- 
4 Loamy Sand 
4 Silt 
4 Clay Loam 
4 Loamy Sand 
4 Loam 

-- 

1CO Cluiotosa Extemeiy Gravelly Loam 62.5 2-14 Sandy Loam 0.40 
Vaiva Very ~ravel ly  Loam 25 0-3 Sandy Loam 

~ - -  ~ - 

:01 Rillito - L ~ a m  85 0-24 Loam - 0.28 
Ciprlano 3.75 Sandy Loam 
Gunsight 3.75 Loamy Sand 
Mohall 3.75 Loam 
Tremant 3.75 Sandy Loam - 

132 Rillito Gravelly Loam 70 0-14 Sandy Loam 0.10 
Mohall 3.33 Loam 
Pinamt 3.33 Silt 
Tremant 3.33 Sandy Loam 
Gunsight 3.33 Loamy Sand 
Cipriano 3.33 Sandy Loam 
Gilman 3.33 Loam 
Anho 3.33 Sandy Loam 
Maripo 3.33 Sandy Loam 
Camzo 3.33 Loamy Sand 

103 RockOutcmp S - 0.10 
Gachado Very Gravelly Clay Loam 71 - i-7 Sandy Clay Loam 
Lomitas 29 Sandy Loam 

June 1 1992 



Aguila-Carefree Soll Survey 
-. - - -- 

Map % 01 Control XKSAT, 
unn M ~ P  Horlzon Table 4.2 Inch /  
No. Sol1 Msze ~ S O A  sol1 Texture unn Depth, inches ~ o r ~ d r a l  Class hour 

-- -- - -. - -- -- - 
104,105 P,ockOu!c~~p 60 - 9.:4 

Lehmans . -. . - .- . -, Gravaliy Clay Loam . 50 - 2-15 Sandy Clay Loam -- 
Mzo 16.67 Loamy Sand 
Eba 16.67 Sandy Loam 
Pinaleno 16.67 Sandy Clay Loam 

-. 
!06, 107 Sal Gravelly Clay Loam 50 2-7 Sandy Clay Loam 0.18 

Cipriano Gravelly Sandy Loam -- . 30 -- 1-9 Sandy Loam 
Gunsight 5 Loamy Sand 
Rillito 5 Loam 
anos 5 Loamy Sand 
Canizo 5 Loamy Sand 

-- .. - - -, -. 
108 Schena, Very CobMy Loam 71 2-1 1 Sandy Loam 0.31 

Rock Outcrop - 30 . -- 
Antho 2.9 Sandy Loam 
Beardsley 2.9 clay 
Cherioni 2.9 Sandy Loam 
Ciplano 2.9 Sardy Loam 
E b n  2.9 Silty Chy Loam 
GunsigM 2.9 Sandy Chy Loam 
Sun City 2.9' Sandy Loam 
Gachado 2.9 Siit 
Ouiioms 2.9 Sandy Lriam 
Vaird 2.9 Sar~iy 

109 Schenco Very Cobbiy Loam 85 2-11 S a w  Loam 0 35 
Rock Outcrop 35 - - 
Beardsley 2.143 C ~ Y  
C i m  2.143 Sandy Loam 
Ebon 2.143 silty clay ~ o a m  
Gunsight 2.143 Loamy Sand 
Gachado 2.143 Sill 
Quilotosa 2.143 Sandy Loam 
Vaim 2.143 Sandy Loam 

l!O SunCi i  Gmvelty Clay Loam 55 1-9 sandy ~ h y   LO^ 0.13 
Cipr im Very Gmveltv Loam -- 30 16 Sandy Loam 
Carrizo 5 Loamy Sand 
BeardJey 5 Clay 
Gunsight 5 Loamy Sand 

1 1  1 Toniofhenk - 1W OM) Sardy Loam 0.49 



Aauila.Cafelree Soil Sumev 
- ~~~- -- 

Map % Of C o n t r o l  XKSAT.  
U n n  Map H o r l z o n  r a b l e  4.2 Inch1 
NO. Soi! Na!nu WSQA Sol1 Tex tu re  unn Depth, Inches  r e x t u r a l  C l a s s  hour 

112 Tremant Gravelly Sandy Loam 
--- . -- .- 

Anmo 
Canizo 
Valencia 
Canizo 
Denure 
Mohall 
Momoli 
Pinamt 
Rillito 

- 

Sar#!c=:2rn 3 39 
Sandy Loam 
Sandy Loam 
Sandy Loam 
Loamy Sand 
Sandy Loam 
Loam 
Loam 
Sllt 
Loam 

113 Tremant 
AnUiu 
Camzo 
Valencia 
Camzo 
Denure 
Momoli 
Chuckadla 
Gunsight 
Mohall 
Pinamt 
Rillito 

114 Tremant 
Anlho 
Carizo 
Vaienda 
Camzo 
Denure 
Chuckadla 
Gunsight 
Mohall 
Plnamt 
Rillito 

Gravelly Sandy Loam 80 0-9 - Sandy Loam C.39 
1.818 Sandy Loam 
1.818 Sandy Loam 
1.818 Sandy Loam 
1.818 Loamy Sand 
1.818 Sandy Loam 
1.818 Loam 
1.818 Silt 
1.818 Loamy Sand 
1.818 Loam 
1.818 Sill 
1.818 Loiinl 

- .. - - -- 
80 0-9 --& Sadv  i.c;lm . .... - 0.39 
2.0 Sandy ioam 
2.0 Sandy Loam 
2.0 Sandy Loam 
2.0 Loamy Sand 
2.0 Sandy Loam 
2.0 Silt 
2.0 Loamy Sand 
2.0 Loam 
2.0 Sill 
2.0 Loam 

115 Tremant Gnvelly Sandy Loam 45 0-9 Sandy Loam 0.39 
~ n m o  Sandy Loam 35 0-3 Sandy Loam 
Camzo 4 Loamy Sand 
Denure 4 Sandy Loam 
Mohall 4 Loam 
Momoli 4 Sandy Loam 
Pinamt 4 Silt 



Agulk-Carefree Soll Survey 
.----- --.-,., "---- - 

map % Of Control XKS AT, 
U n l  M ~ P  H o r l z o n  1351e 4.2 Inch1 
NO. Soif i.lSR,e LISDA SOll Texture U n l  Depth, Inches Teu:ural C ~ S S  hour 

. . - - - .- . . . . - . - . - 

! i6, 117 Tremanl Gravally Clay Loam 30 2-26 Sandy Clay Loam 023 
GunsQnr Very Grawlly Sandy L ~ a m  20 0-10 Loamy Sand 
Rillito Gravelly Loam 20 ---. 069 Sandy Loam 
Cipriano 3.75 Sandy Loam 
Pinaml 3.75 Silt 
Mohall 3.75 Clay Loam 
ConCne 3.75 Clay Loam 
Anlho 3.75 Sandy Loam 
Carrim 3.75 Loamy Sand 
Gilman 3.75 Loam 
Canizo 3.75 Sandy Loam --- 

113 Tremanl Gramllv Sandv Loam 45 1-9 Sandy Loam 0.42 
~ -~ ~ 

Rillito - Gravelly Loam 
canizo 

30 0-1 2 sandy ~ o a m  
5 Loamy Sand 

~~~ - 

Cipriano 5 Sandy Loam 
Gunsight 5 Loamy Sand 
Pinam t 5 Sill 
Momali 5 Sandy Loam 

-- 
119 Tmmant Gravelly Loam 40 1 -9 sandy Loam 0.14 

Sun City Clay Loam - -- - -- . 30 2-1 2 
Gadsden 3.75 clay 
Cipriam 3.75 Sane i.oem 
Beardsley 3.75 C ~ Y  
Gunsight 3.75 ' Loamy Sand 
Moha!l 3.75 Loam 
Sal 3.75 Silt 
Pinamt 3.75 Silt 
Rillito 3.75 Loam -- 

120 Tres Hermanos Clay Loam 80 26 Clay Loam 0.06 
Anlhony 2.857 Sandy Loam 
Mohave 2.857 Loam 
Greyeagle 2.857 Sardy Loam 
Nickel 2.857 Sardy Loam 
Pinaleno 2.857 sandy ciay ~ o a m  
Adz0 2.857 Loamy Sand 
Guest 2.857 clay - -- 

121 TmsHermms Clay Loam 50 28 Clay Loam 0.12 
Anlhony ~ra&l ly ~ a n d y ~ o a m  -- . 35 240  sandy Loam 
m z o  5 Loamy Sand 
Pinalem 5 clay ~ o a m  
Nickel 5 Sardy Loam 

June 1.1992 



-,------e 

Aguila-Carefree Soil Survey 

Map % Of c0ntml XKSAT, 
unn Map Horlzon Table 4.2 Inch1 
NO. Sol! ?~t~m.a usoa Soil Teaure Un% Depth, Inches Trnural Class hour 

--- 
122 ?ado . Graveik Sandy Loam - 75 0-2 .. Sandy !.$am 0.33 

Anthony 6.25 Sandy Loam 
Arizo 6.25 Loamy Sand 
Ginaleno 6.25 Sandy Clay Loam 
Tres Hennanos 6.25 Clay Loam 

123 V a i n  - Very Gravelly Loam 60 0-3 Sandy Loam 0.37 
Bnas 4.44 Loamy Sand 
Camzo 4.44 Loamy Sand 
Antho 4.44 Sandy Loam 
Chuckawalla 4.44 Silt 
Ebon 4.44 Sandy Clay Loam 
Gunslghl 4.44 Loamy Sand 
Pinamt 4.44 Silt 
Ci~riano 4.44 Sandy Loam 
Quilotosa 4.44 Sandy Loam - 

124 Valencia S a n d y a m  80 0-20 Sandy Loam 0.39 
Antho 4 Sandy Loam 
Estella 4 Loam 
Gilman 4 Loam 
Denure 4 Sandv Loam 
Tremanl 4 saq,~; ;..;:$!71 

Bnos 
Camzo 
Gilman 
Marica 

Loamy Sand 
Loamy Sand 
Loam 
Sandy Loam 

June 1,1992 
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- Maricopa Central Soil Survey 

M a p  *. % Of control XKSAT, 
Unt t  M a p  Hor l zon  Table  4.2 Inch1 
No. Sol1 N a m e  U S D A  So l l  Tex tu re  Untt  Depth, Inches  Textural  C l a s s  hour 

Aa Aqlralt Loam -. 85 - 0-1' ._- Loam 0.26 
Gilman Loam 3 ioam 
Mar~po Sandy Loam 3 Sandy Loam 
Antho Sandy Loam 3 Sandy Loam 
Carnzo Gravelly Sandy Loam 3 Sandy Loam 
Laveen Loam 3 Loam 

AbA Antho Sandy Loam 85 0-13 Sandy Loam ----- 0.38 
Mariw Sandv Loam 2.143 Sandv Loam 
Aguall Loam 
Valencia Sandy Loam 
Estella Loam 
Gilman Loam 
Coolidge Sandy Loam 
Antho Loam 

Loam 
Sandy Loam 
Loam 
Loam 
Sandy Loam 
Loam 

AbB AnUm Sandy Loam - 85 0-13 Sandy Loam 0.39 
Gilman Loam 3.75 Loam 
Maripo Sandy Loam 3.75 Sandy Loam 
Coolidge Sandy Loam 3.75 Sandy Loam 
Antho Gravelly Sandy Loam 3.75 Sandy Loam 

Ac Anh Sandy Loam 
Valencia Sandv Loam 
Gilman Loam 
Laveen Loam 
Antho Sandy Loam 
Coolidge Sandy Loam 

80 0-13 Sandy Loam - 0.39 
4 Sandv Loam 

Loam 
Loam 
Sandy laam 
sandy b a m  

AdA A n h  Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40 
A n h  Sandy Loam 3.75 Sandy Loam 
Maripo Sandy Loam 3.75 Sandy Loam 
Brios Sandy Loam 3.75 Sandy ~ o a m  
Valercia Gravelly Sandy Loam 3.75 Sandy Loam 

AdB AnUm Gravelly Sandy Loam 85 0-13 Sandy Loam 
Valencia Gravelly Sardy Loam 3.75 Sandy Loam 
Rillito Sandy Loam 3.75 
Camzo Gravelly Sandy Loam 3.75 
Coolidge Gravelly S a m  Loam 3.75 

Sandy Loam 
Sandy Loam 
Sandy Loam 

Ae AnUm Sandy Loam 45 0-13 Sandy Loam 0.39 
B ~ O S  Sandy Loam 25 0-14 Sandy Loam 
Maripo Sandy Loam 20 0-34 Sandy Loam - 
Ca~rizo Gravelly Sandy Loam 2.5 Sandy Loam 
Gilman Flne Sandy Loam 2.5 Loam 
Agualt Loam 2.5 Loam 
Valercia Sandy Loam 2.5 Sandy Loam 



Marimpa Central Soil Survey 
- - 

Map 
U n l  
NO. S o l l  N a r c s  U S D A  Sol1 T e x t u r e  

AfA Antho Sandy Loam 
Carnzo - Gravellv Sandy Loam 
Mar~po Sandy Loam 
Valencia Sandy Loam 
Vint Fine Sandy Loam 
G~lman fine Sandy Loam 

% Of 
Map 
U n l  

Control XKSAT.  
Horlzon T a b l e  4.2 I nch1  

Depth,  inches T e x t u r a l  Class hour 

0-13 Sandy Loam 0.38 
0-5 Sandy Loam 

Sandy Loam 
Sandy Loam 
Loam 
Loam 

AfB Antho Sandy Loam 40 0-13 Sandy Loam 0.40 
Camzo Gravelly Sandy Loam 25 0.5 Sandy Loam 
Mar~po Sandy Loam 20 0-34 Sandy Loam 
Valencia Gravelly Sandy Loam 7.5 Sandy Loam 
R~ilito Sendy Loam 7.5 Sandy Loam 

- 
AGE Antho Sandy Loam 35 0-13 Sandy Loam 0.40 

Camzo Gravelly Sandy Loam 30 0-5 Sandy Loam 
Maripo 
Bnos 

Sandy Loam 20 0-34 Sandy Loam 
Sandy Loam 5 Sandy Loam 

Harqua ~rave l ly  Loam 
V a h c i a  Sandy Loam 

sandy Loam 
Sandy Loam 

AHC Antho Gravelly Sandy Loam 40 0-13 Sandy Loam 0.38 
Tremant Gravelly Loam 30 0-1 0 Sandy Loam 
Gljnsight 3.33 Loam 
Maripo 3.33 Sandy Loam 
Rillito 3.33 Sandy Loam 
Laveen 3.33 Loam 
Camzo 3.33 Sandy Lzarn 
Mohall 3.33 Sandy Loam 
Gilman 3.33 Loam 
Valenua 3.33 Sandy Loam 
EskeUa 3.33 Loam 

AkB Antho Gravelly Sandy Loam 35 0-13 Sandy Loam 0.27 
Antho Sandy Loam 15 0-13 Sandy Loam 
Tremant Graveliy Clay Loam 20 1-8 Sandy Chy Loam 
Mohall Gravelly Sandy Loam 15 0-10 Sandy Loam 
CaciolTomo - 5 Sandy Loam 
Canim Gravelly Sandy Loam 5 Sandy Loam 
Gilman Fine Sandy Loam 5 Loam 

AL A n h  Sandy Loam 55 0-1 3 Sandy Loam 0.40 
A n h  Gravelly Sandy Loam 30 0-13 Sandy Loam 
Coolidge Sandy Loam 3 Sandy Loam 
Laveen Sandy Loam 3 Sandy loam 
Valellcia Sandy Loam 3 Sandy Loam 
Canizo Gravelly Sardy Loam 3 Sandy Loam 
Maripo Sandy Loam 3 Sandy Loam 



-. - Mariwpa Central Soil Survey 

Map % o f  Control XKSAT,  
Unlt M ~ P  H o r l z o n  T a b l e  4.2 I nch1  
NO. S o l l  Name U S D A  So i l  T e x t u r e  Unt t  Depth,  Inches T e r t u r a l  C l a s s  hour 

AM Anho Sandy Loam 40 0-13 Sandy Loam 0.39 
Valencia Sandy Loam - -- 40 0-10 Sandy Loam 
Coolidge Sandy Loam 6.67 Sandy Loam 
Mar ip  Sandy Loam 6.67 Sandy Loam 
Gilman Fine Sandy Loam 6.67 Loam 

An Avonda Clay Loam 75 0-13 Clay Loam 0.05 
Avondale Clay Loam 6.25 Clay Loam 
Glenbar Clay Loam 6.25 Clay Loam 
Agualt Loam 6.25 Loam 
Gilman Loam 6.25 Loam 

Ao Avondab Clay Loam 
Glenbar Clay Loam 
Gilman  oak 
Tnx Clay Loam 

85 0-12 Clay Loam 
5 Clav Loam 

LO& 
Clay Loam 

Ap Avondab Clay Loam 85 0-12 Clay Loam 0.04 
Glenbar Clay Loam 5 Clay Loam 
Cashlon Clay 5 Clay 
Gilman Loam 5 Loam 

BE Beardsley Loam 90 0 3  Loam 0.24 
veconr Clay 2.5 
Sun City Very Gravelly Loam 2.5 
Pinal Gravelly Loam 2.5 
Beardsley Gravelly Loam 2.5 

Clay 
Sandy Loam 
Sandy Loam 
S W  Loam 

Br Brios - Loamy Sand 90 0-14 Loamy Sard : .05 
Canizo Gravelly Sandy Loam 5 Sandy Loam 
Vint fine Sandy Loam 5 Loam 

Bs Brios Sandv Loam 80 0-14 Sandy Loam 0.39 
Vint Fine Sandy Loam 4 Loam 
Canizo Gravelly Sandy Loam 4 Sandy Loam 
Marip Sandy Loam 4 Sandy Loam 
Anmb sandy L!JaJn 4 Sandy Loam 
Brios Sandy Loam 4 Sandy Loam 

Bt  brio^ Loam 80 0-14 Laam 0.25 
Anlfiony sandy Loam 4 sandy Loam 
Marip sandy ~ o a m  4 Sandy Loam 
Canizo Gravelly sandy Loam 4 Sandy Loam 
Vint Clay Loam 4 Chy Loam 
Vint Loam 4 Loam 

C CalciortJMs/ Varies 80 0 6 0  Sandy Loam 0.38 
Tomorhents - - 
Gunsight Loam 5 Loam 
Pinal Loam 5 Loam 



Maricopa Central Soil Survey 

Map .. % o f  
unn M ~ P  
NO. Sol1 Name U S D A  S o l l  T e x t u r e  Un l t  

Cb Carnzo - Gravelly Sandy Loam 85 
Mar ip  Sandy Loam 3 
Brios Loamy Sand 3 
~ n m o  Sandy Loam 3 
vlnt fine Sandy Loam 3 
Agual! Loam 3 

C o n t m l  XKSAT,  
H o r l z o n  T a b l e  4.2 I nch1  

Depth,  I n c h e s  T e x t u r a l  C l a s s  hour 

0-5 Sandy Loam 0.40 
Sandy Loam 
Loamy Sand 
Sandy Loam 
Loam 
Loam 

CeO Carfizo Gravelly Sandy Loam 60 0-5 Sandy Loam 0.19 
E b n  Very Cobbly Clay Loam 30 2-13 Sandy Clay Loam 
Tremant Gravelly Clay Loam 10 Sandy Clay Loam 

CF Camzo Sandy Loam 
Brios Sandy Loam 
Vint Loamy Sand 

45 0-5 Sandy Loam 
35 0-14 Sandy Loam 
20 OG Loamy Sand 

Cg Casa Gmnde Loam 85 1 -3 Loam 0.24 
Laveen Loam 3.75 Loam 
Harqua Gravelly Clay Loam 
Valencla Sandy Loam 
Tucson Loam 

Sandy Clay Loam 
Sandy Loam 
Loam 

Ch CasaGrande Loam 85 0-3 Loam 0.24 
Laveen Loam 3.75 Loam 
Estella Loam 3.75 Loam 
Harqua Gravelly Clay Loam 3.75 Sandy Chy Loam 
Tucson Loam 3.75 Loam 

Ck Casa Gram%-- Loam 75 0-3 Loam 0.30 
Laveen Loam 8.33 Loam 
Harqua Gravelly Sandy Loam 8.33 Sandy Loam 
Dune Land Loamy Sand 8.33 Loamy Sand 

Cm CasaGrande Loam 40 1-3 Loam 0.26 
Laveen Loam 40 0-15 Loam 
Gllman Loam 6.67 Loam 
Coolidge Sandy Loam 
Esbella Loam 

sandy Loam 
Loam 

Cn Cashion Clay 80 0-27 Clay 0.01 
G adsden C ~ Y  5 Clay 
Avondale Chy Loam 5 Clay Loam 
W~ntersburg Chy Loam 5 Clay Loam 
Glenbar Chy Loam 5 Clay Loam 

CO Chenoni Very Gravelly Loam 62.5 0 4  Sandy Loam 0.29 
Rock Outcrop 20 
Gachado Very Gravelly Chy Loam 9.38 Sandy Clay Loam 
Pinal Loam 9.38 Loam 
Gunsigh! Loam 9.38 Loam 
Rillito L o g  9.38 Loam 

June 1,1992 



------ Marlcope Central Soil Survey - 
Map % Of C o n t r o l  XKSAT,  
u n i t  Map H o r l z o n  Table 4.2 i n c h /  
40. S o l l  N a m ~  U S D A  S o l l  T e x t u r e  Untl Depth,  Inches Tex tu ra l  C l a s s  hour 

C:, Cooiidqe Sandy Loam @I . -- 0-13 Sandy Loam 0.40 
Laveen Sandy Loam 4 Sandy Loam 
Antho Sandy Loam 4 Sandy Loam 
Rillito Sandy Loam 4 Sandy Loam 
Penpille Sandy Loam 4 Sandy Loam 
Vaiemia Sandy Loam 4 Sandy Loam 

CrB Coolidge Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40 
Rillito Sandy Loam 5 Sandy Loam 
Perryville Sandy Loam 5 Sandy Loam 
AnmO Gravelly Sandy Loam 5 Sandy Loam 

Cs Coolidge Gravelly Sandy Loam 50 0-12 Sandy Loam 0 13 
Tremant Clay Loam 30 1-9 Clay Loam 
Laveen Loam 5 Loam 
Perryvilla Gravelly Loam 5 Sandy Loam 
AnhO Sandy Loam 5 sandy Loam 
Riliito Loam 5 Loam 

CV Coolidge Sandy Loam 40 0-13 Sandy Loam 0 39 
Laveen Sandy Loam 40 0-15 Sandy Loam 
An& Sandy Loam 6.667 Sandv Loam 
Perrplle ~ r a v e l l ~  Loam 6.667 
Riliito Loam 6.667 

sand; Loam 
Loam 

Dn Dune Land Sand 100 0€4 Loamy Sand 1 20 

E~D' €ban .... Vely Cobbiy Clay Loam 75 2-13 Sandy Clay Loam 0.10 
Pinamt Gravelly Loam 8.333 Sandy Lvam 
Canizo Gravelly Sandy Loam 8.333 Sandy Loam 
Tremant Gravelly Loam 8.333 Sandy Loam --- 

EPD Eban Very CobMy Clay Loam 40 2-13 Sandy Chy Loam 0.12 
Pinaml Very Gravelly S a d y  Loam 25 2 6  Sandy Loam 
Tremant Clay Loam 20 1-9 Clay Loam - 
Gunsight Gravelly Loam 3.75 Sandy Loam 
Canizo Gravelly sandy Loam 3.75 sandy Loam 
Rillito Loam 3.75 Loam 
An& Sandy Loam 3.75 Sandy ~ o a m  

Es Esh l la  Loam 85 0-1 1 Loam 0.25 
Gilman Loam 3.75 Loam 
Valencia Sandy Loam 3.75 Sandy Loam 
Mchall Loam 3.75 Loam 
Laveen Loam 3.75 ~ o a m  

El Eskella Loam - 80 0-1 1 Loam 0.25 
Casa Grande Loam 6.667 Loam 
Laveen Loam 
Gilman Loam 

Loam 
Loam 

June 1. 1992 



Maricopa Central Soll Sunrey 

Map % of 
unn Map 
NO. SOH N h ~ m  USDA SOH Texture unn 

GA Gachado Very Gravelly Clay Loam 66 67 
Rock Outcmp - 40 
Cherioni Very Gravelly Loam 8.333 
Rillito ~ o a m  
Pinal Loam 
Gunsight Loam 

C o n t r o l  XKSAT, 
Horlzon Table 4.2 I n c h /  

Depth, I n c h e s  Textural C l a s s  hour 

0-1 Sandy Clay Loam 0.10 
- 
Sandy Loam 
Loam 
Loam 
Loam 

Gb Gadsden Clay Loam 80 0-14 Clay Loam 0.04 
Glenbar Clay Loam 5 Clay Loam 
Cashion Clay 5 Clay 
Avondak Clay Loam 5 Cby Loam 
Gadsden Loam 5 Loam 

- 
Gc Gadsden Clay 80 0.10 Clay $31 

Glenbar Clay 5 clay 
Cashion Clay 5 Clay 
Avondale Clay Loam 5 Clay Loam 
Gadsden Clay Loam 5 Clay Loam 

Gd Gadsden Clay 85 0-10 Clay 
Glenbar Clay Loam 3.75 Clav Loam 
Cashion cia; 
Avondale Clay Loam 
Gadsden Clay 

Ge Gilman Loam 
Antho Sandy Loam 
AguaH Loam 
Vlnt Fine Sandy Loam 
Estella Loam 
Valencia Sandy Loam 
Laveen Sandy Loam 

3.75 CI~'; 
3.75 Clay Loam 
3.75. clay 

80 Loam 0-5 - -- 
3.33 Sandy L o r n  
3.33 Loam 
3.33 Loam 
3.33 Loam 
3.33 Sandy Loam 
3.33 Sandy Loam 

Gf Gilman Fine Sandy Loam 80 0-14 Loam 0.24 
Vint Fine Sandv Loam 5 Loam 
~ n m o  Sandy Lo& 5 Sandy Loam 
Awndale Clay Loam 5 Clay Loam 
M a ~ i p o  Sandy Loam 5 Sandy Loam 

GgA Gilman Loam 80 0-5 Loam 0.25 
Agualt Loam 4 Loam 
Antho Sandy Loam 4 Sandy Loam 
Eskella Loam 4 Loam 
Glenbar Loam 4 Loam 
Laveen Loam 4 Loam 

GgB Gilman Loam 80 0-5 Loam 0.26 
Antho Sandv Loam 6.667 Sandy Loam 
Gilman LO& 
Laveen Loam 

Loam 
Loam 



Maricopa Central Soll Survey - - - 
Map % Of Control XKSAT, 
Unlt M ~ P  H o r l z o n  T a b l e  4.2 I nch1  
NO. S o l l  Nanre uSDA S o l l  T e x t u r e  U n t  Depth ,  Inches Tex tu ra l  Class hour 

-- -- . -- -. . - -. - - - 
Gh G~lman - Loam - -- 85 0-5 Loam 0 24 

laveen Loam 3.75 Loam . - . - - . . - - -  

Pfltbo Sandy ~ ~ a m  3.75 Sandy Loam 
Estella Loam 3.75 Loam 
Avondale Clay Loam 3.75 Clay Loam -- 

GL. Gilman Loam 40 0-5 Loam 0.25 
Gilman (ofier) Loam 40 0-5 Loam 
~ n m o  Sandy Loam 5 0-13 Sandy Loam 
Gilman Loam 5 0-5 Loam 
Esbella Loam 2.5 Loam 
Canizo Gravelly Sandy Loam 2.5 Sandy Loam 
Maripo Sandy Loam 2.5 Sandy Loam 
Harqua Gravelly Clay Loam 2.5 Sandy Clay Loam 

.- 
GM Gilman Loam 50 0.5 Loam 0.29 

Antho Sandy Loam 25 OM) Sandy Loam 
Agwlt Loam 10 0-1 1 Loam 
Laveen Loam 3.75 Loam 
Mar ip  Sandy Loam 3.75 Sandy Loam 
Esbella L a m  3.75 Loam 
Canizo Gravelly Sandy Loam 3.75 Sandy Loam 

GN Gilman Loam 45 0-5 Loam 0.25 
Laveen Loam 30 0-15 - Loam . - - 
Esbella Loam 20 L o x i  
Mar ip  Loam 1.25 Loam 
iremant Loam 1.25 Loam 
Coolidge Sandy Loam 1.25 Sandy Loam 
Agualt Loam 1.25 Loam 

Go3 Gilman Loam 
Anmo Sandy Loam 
Glenbar Clay Loam 

55 . 0-5 Loam 0.19 
25 OM) Sandy Loam 
20 0-15 Clay Loam 

Gp Gilman Variant Loam 95 0-3 Loam 0.24 
Avondale Chy Loam 1.667 Clay Loam 
Gadsden Chy Loam 1.667 Clay Loam 
Gilman Loam 1.667 Loam 

Gr Glenbar Loam 85 0-13 Loam 0.23 
Gilman Loam 5 Loam 
Avondale Clay Loam 5 Chy Loam 
Gilman VMant Loam 5 Loam - 

Gs Glenbar Loam 85 0-1 2 Loam 0 23 
G~lman Loam 5 Loam 
Esbella Loam 
Gadsden Clay Loam 

Loam 
Chy Loam 

June 1, 1992 



Warkopa Central Soil Survev 
- 

Map 76 of C O M ~ I  XKSAT. 
Uni? M ~ P  nor~zon T a b l e  4.2 lnchi 
NO. S o l l  Man:& USDA sol( leaure U n l t  Depth, Inches Textural Class hour 

GI Glenbar Clay Loam 80 0-15 Clay Loam 0.04 
Avondale Clay Loam 5 Clay Loam 
Gilman LO& 
i'rix Clay Loam 
Gadsden Clay Loam 

Loam 
Clay Loam 
Clay Loam 

Cashion Clay 
Gadsden Clay 
Gilman Loam 

Clay 
Loam 

Gv Gienbar sa- 85 0-20 Clay 0.01 
Casion Clay 5 clay 
Gadsden Clay 5 Clay 
Avondab Clay Loam 5 Clay Loam 

GWD Gunsight Loam 
Pinal Gravellv Loam 

40 1-3 Loam 
30 0 4  Sandv Loam 

Pinaml Very ~ & l l y  Sandy Loam 12 - 2 6  sand; Loam 
Rillito Gravelty Loam 6 Sandy Loam 
Ant40 G~~WII; sandy ~ 0 a m  
Carrizo Very Gravelly Sand 

sandy Loam 
Loamy Sand 

GxA Guns~ght Loam 45 1-3 Loam 0 23 
Rlllit0 - .  Rtm Sandy Loam 45 2-10 - Loam - 
Laveen Loam 5 Loam 
Harqua Gravelly Clay Loam 5 Sandy Ciay !am 

GxB Gunsight Loam 45 1-3 Loam 0.24 
' Rillito nne ~andy ba rn  45 2-10 Loam 

Laveen Loam 2.5 Loam 
Pinal Loam 2.5 Loam 
Coolidge Gravelly Sandy Loam 2.5 Sandy Loam 
Harqua Gravelly Clay Loam 2.5 Sandy Clay Loam 

GYD Gunsight 
Rillito 
Perryville 
Laveen 
Pinal 
Gilrnan 
A n m  
Canizo 

Loam 

- Fine Sandy Loam 
Gravelly Loam 
Loam 
Loam 
Loam 
Gravelly Sandy Loam 
Gravelly Sandy Loam 

1-3 Loam 0.26 
2.10 Loam 

Sandy Loam 
Loam 
Loam 
Loam 
Sandy Loam 
Sandy Loam 



- Marlcopa Central Soll Survey 

Map % of C o n t r o l  XKSAT, 
unn M a p  . H o r i z o n  Tab le  4.2 Inch1 
NO. S o l l  Nm?e U S D A  Soll T e x t u r e  Unit Depth ,  Inches T a d u r a l  C l a s s  hour 

- ~ 

HA0 Harqua - Gravelly Clay Loam 85 0-1 Sandy Clay Loam 0.07 
Harqua Gravelly Clay Loam 3 Sandy Clay Loam 
Rillito Gravelly Loam 3 Sandy Loam 
Gunsight Gravelly Loam 3 Sandy Loam 
Casa Grande Loam 3 Loam 
Valencia Sandy Loam 3 Sandy Loam 

HAC Harqua Gravelly Clay Loam 65 0.1 Sandy Clay Loam 0.05 
Harqua Clay 20 Clay 
Rillito Gravelly Loam 5 Sandy Loam 
Guns~h t  Gravelly Loam 5 Sandy Loam 
Laveen Loam 5 Loam 

HLC Harqua Gravelly Clay Loam 40 0-1 Sandy Clay Loam 0.14 
Gunslght Loam 35 1-3 Loam 
Rillilo Loam -- 20 0-2 Loam 
Rillito Gravelly Loam 1.667 Sandy Loam 
Gunsight Gravelly Loam 1.667 Sandy Loam 
Laveen Loam 1.667 Loam 

HM Harqua Gravelly Clay Loam 40 0-1 Sandy Clay Loam 0.15 
Laveen Fine Sandy Loam 35 0-15 Loam 
Rlllito Loam 15 Loam 
Gunsight Gravelly Loam 5 Sandy Loam 
Valencia Sandy Loam 5 Sandy Loam 

HrB Harqua 
Rillito 
Gunsight 
Gilman 
Antha 
Laveen 
Estella 
Valencia 
Tremant 
Coolidge 

Clay Loam 
Gravelly Loam 
Gravelly Loam 
Loam 
Gravelly S* Loam 
Loam 
Loam 
Sandy Loam 
Gravelly Loam 
Sandy Loam 

0-1 Clay Loam 0.12 
0-2 S* 11:.m 
1.3 Sandy Loam 

Loam 
Sardy Loam 
Loam 
Loam 
Sandy Loam 
S* Loam 
Sandy Loam 

La La Palma Very Fine Sandy Loam 80 0-5 Loam 0.26 
Pinal Loam 5 Loam 
Casa Grande Loam 5 Loam 
Lavesn Loam 5 Loam 
Han(ua Gravelly Loam 5 Sandy Loam 

Lb Laveen Sandy Loam - 80 0-14 Sardy Loam 0.40 
PelTyville Sandy wam 3.75 Sardy Loam 
Coolidge Sandy Loam 3.75 Sandy Loam 
Valencia Sandy Loam 3.75 Sardy Loam 
Antha Sandy Loam 3.75 S* Loam 

June 1.1992 



Marlcopa Central Soil Survey 

M ~ P  % o f  C o n t r o l  X K S A T ,  
U n l t  Map H o r i z o n  T a b l e  4.2 l n c n l  
No.  So l1  Nsme USDA S o l l  Texture U n l t  Depth, Inches Tex tu ra l  C l a s s  hour 

LcA Laveen Loam 85 0 6  Loam 0.25 
G~lman Loam 3 Loam 
Mohall Loam 3 Loam 
Estrella Loam 3 Loam 
Perryville Gravelly Loam 3 Sandy Loam 
Rillito Loam 3 Loam 

LcB Laveen Loam 
Perrwille Gravelly Loam 
~ i l m a n  Loam 
Rillit0 Loam 

90 0 6  Loam 0.25 
3.33 Sandy Loam 

~ o a m ~  
Loam 

Ld Laveen Loam 80 0 6  Loam 0.25 
Casa Crande Loam 4 Loam 
Gilman Loam 4 Loam 
Estella Loam 4 Loam 
Perryville Loam 4 Loam 
Laveen Loam 4 Loam 

Le Laveen Clay Loam 85 0-14 Clay Loam 0.04 
Mohall Clay Loam 3.75 Clay Loam 
Tremant Chy Loam 3.75 Chy Loam 
Vecont Clay 3.75 Clay 
Tucson Clay Loam 3.75 Clay Loam 

Lf Laveen Rne Sandy Loam 
Laveen Sandv Loam 

35 0-12 Loam 
20 0-12 Sandv i5zm 

hlGvl sand; ~ o a m  30 0 6 0  - Sandv L a m  
Coolidae Sandy Loam 5 Sandy i ~ m  
~ilma; ~oam-  
Casa Grande Sandy Loam 

Loam 
Sandy Loam 

Ma Marlpa Sandy Loam 85 0-13 Sandv Loam 0.40 
Antho Sandv Loam 5 Sandv Loam 
Valencia Sand; Loam 5 Sand; Loam 
Coolidge Sandy Loam 5 Sandy Loam 

Mo Mohall Sandy Loam 92 0-12 Sandy Loam 0.39 
laveen Sandy Loam 2 Sandy Loam 
Coolidge Sandy Loam 2 Sandy Loam 
Valencia Sandy Loam 2 Sandy Loam 
Tremant Loam 2 Loam 

Mp Mohall Loam 92 0-16 Loam 0.25 
l a w e n  Loam 2 Loam 
Estella Loam 2 Loam 
Gilman Loam 2 Loam 
Tremant Loam 2 Loam 



Maricopa Central Soil Survey 

Map ' 

unn 
No. sol1 Nam8 U S D A  Soll T e x t u r e  

-- - 
Mr Mohall Clay Loam 

Laveen Loam 
Estella Loam 
Tucson Loam 
Tremant Loam 
V e ~ n t  Loam 

C o n t r o l  XKSAT, 
H o r l z o n  Table 4.2 I nch1  

Dep th ,  Inches T e x t u r a l  Class hour 
- 

-- 0-12 - Clay Loam 0 05 
Loam 
Loam 
Loam 
Loam 
Loam 

14s Mohall Clay 80 0-19 Clay 0.01 
Trix Clay Loam 2.857 Clay Loam 
Glenbar C ~ Y  2.857 Clay 
Cashion Clay 2.857 Clay 
Vemnt Clay 2.857 Clay 
Avondale clay 2.857 Clay 
Mohall Clay Loam 2.857 Clay Loam 
Mohall Clay 2.857 Clay 

MTB Mohall Loam 40 
Mohall Clay Loam 10 
Tremant Clay 20 
Eslrella Loam - 15 
Rillito Loam 5 
Coolidge Sandy Loam 5 
Laveen Loam 2.5 
Gilman Loam 2.5 

0-12 Loam 0.15 
0-12 Clay Loam 
1 8  Clay Loam 

0-1 1 Loam 
Loam 
Sandy Loam 
Loam 
Loam - -. - 

MV Mohall Cky  LoaT 25 0-12 Clay Loa'i 0.15 
Mohall Loam 20 0-12  LO^ 
Laveen Loam 20 0-15 Loam 
Laveen Sandy Loam 15 0-14 sandy ~ o a m  - 
Eslrella Loam 6.667 Loam 
Gilman Loam 6.667 
Tremant Gravelly Clay Loam 6.667 

Loam 
Sandy Clay Loam 

Pa Perryvilb Sandv Loam 85 0-12 Sandy Loam 0.40 
Laveen Sandy Loam 5 Sandy Loam 
Coolidq Sandy Loam 5 Sandy Loam 
Rillito Sandy Loam 5 Sandy Loam 

Pb Perryvilb Gravelly Loam 80 0-9 Sandy Loam 0.38 
Rillito Loam 5 Loam 
Laveen Loam 5 Loam 
Coolidge SaMy Loam 5 Sandy Loam 
Penwille Gravelly Loam 5 Sandv Loam 

PeA Perryvilb Gravelly Loam 78 0-9 SardyLoam - 0.37 
Rillito Loam 
Tremant Loam 
Coolidge Sandy Loam 
Laveen Loam 

Loam 
Loam 
Sandy Loam 
Loam 



Maricopa Central Soil Survey 

Map % Of control XKSAT,  
unii M a p  Hor i zon  T a b l e  4.2 Inch1 
No. S o l l  N a m e  uSDA So l l  Tex tu re  Unlt Depth,  I n c h e s  T w n u r a l  Class hour 

PeB Pemp'lle -- Gravelly Loam 80 0-9 Sandy Loam 0.38 
Rillito Loam 6.667 Loam 
Laveen Loam 6.667 Loam 
Coolidge Sandy ~ o a m  6.667 Sandy Loam 

PRB Penyville Loam 35 0-9 Loam 6.28 
Rillito Fine Sandy Loam 30 2-10 Loam 
Perryvllle Sandy ~ o a m  10 0-9 Sandy Loam 
Rilllto .- Fine Sandy Loam 10 2-10 Loam 
Antho Sandy Loam 3.75 Sandy Loam 
Coolidge Sandy Loam 3.75 Sandy Loam 
Laveen Sandy Loam 3.75 Sandy Loam 
Gunsight Gravelly Loam 3.75 Sandy Loam 

PsA Pinal Loam 85 0 4  Loam 0.25 
Pinal Loam 3.75 Loam 
LaPalma Very Rne Sandy Loam 3.75 Loam 
Toitec Loam 3.75 Loam 
Gunsight Gravelly Loam 3.75 Sandy Loam 

PsB Pin@ Loam 80 0 4  Loam 0.26 
Gunsight ~ravel ly barn 4 Sandy Loam 
Coolidge Gravelly Sandy Loam 4 Sandy Loam 
Lapalma Veq Rne Sandy Loam 4 Loam 
Rillito Loam 4 Loam 
Cherioni Very Grd~eliy Fine Sandy Loam 4 SaMy Loam 

-. 
PT Pinal Gravelly Loam 85 0 4  m % ? g n  0.40 

Gunsight Gravelly Loam 7.5 Sandy Loam 
Cherioni Very Gravelly Loam 7.5 Sandy Loam 

PvB Pinal Loam 50 0 4  Loam 0.25 
Lapalma Very Rne Sandy Loam 25 0-5 Loam 
Toletec Loam 15 0-1 2 Loam 
Laveen Loam 5 Loam 
Pinal Loam 5 Loam 

PWB Pinal Gravelly Loam 55 0 4  sandy Loam 0.38 
Sun City Gravelly Loam 35 0-3 Sandy Loam 
Beardsley Loam 5 Loam 
Gunsight Loam 5 Loam 

PYD Pinamt Very Gravelly Sandy Loam 40 0 8  Sandy Loam 0.20 
Tremant Clay Loam 30 1 4  Clay Loam 
Gunsight Gravelly Loam 6 Sandy Loam 
AnmO Gravelly Sandy Loam 6 sandy lDafn 
Rillit0 Gravelly Loam 6 Sandy Loam 
Ebon Gravelly Loam 6 Sandy Loam 
Cam'm Gravelly Sandy Loam 6 Sandy Loam 

June 1. 1992 



Maricopa Central Soil Survey 
Map % of Control XKSAT. 
Unit 
No. Soil Name 
-- -. .. .- 
RaA Rillito -. 

Coolidge 
Laveen 
Tremant 
Perryville 
Pinal 

USDA Soil Texture 
-- 

S a n d y m  - 

Sandy Loam 
Sandy Loam 
Loam 
Sandy Loam 
Loam 

Map Horizon Table 4.2 inchi 
Unit Depth, inches Textural Class hour 

- - -- - . -- - 
8 0  0-1 2 - .  Sandy Loam 0.39 
4 Sandy Loampp- 
4 Sandy Loam 
4 Loam 
4 Sandy Loam 
4 Loam 

. - -- -. - -- 

RaB Rillito Sandy Loam 8 0  -p 0-1 0 Sandy Loam 0.39 
Laveen Sandy Loam 5 Sandy Loam 
Coolidge ~ r a v e l l y  Sandy Loam 5 
Perryville Gravelly Sandy Loam 5 
Pinal Loam 5 

Sandy Loam 
Sandy Loam 
Loam 

-- - 
RbA Rillito - Loam - - do 0-2  Loam - 0.26 

Laveen Loam 5 Loam 
Perryville Gravelly Loam 5 Sandy Loam 
Coolidge Sandy Loam 5 Sandy Loam 
Tremant Loam Loam 

-- . - .. - . . .- -. -. -. . 
5 

. ., 
RbB Rillito -- Loam 8 0  - ~- 0-1 0 Loam -- 0 . 2 5  

Laveen Loam 6.667 Loam 
Perryville Gravelly Loam 6.667 Sandy Loam 
Pinal Loam 6.667 Loam 

-- 

RhB Rillito Loam 1 0  2-1 0 Loam 0.23 
Rillito Loam 1 0  2-1 0 Loam 
Rillito Loam 1 0  2 - 1 0  Loam 
Harqua Gravelly Clay Loam 1 0  0 -3  Sandy Clay Loam 
Harqua Gravelly Loam 1 0  0 -3  Sandy Loam 
Harqua Loam 1 0  0 - 3  Loam 
Gunsight Loam 1 5  1-3 Loam 
Gunsight Loam 15  - 1-3 Loam 
Gilman Loam 1.25 Loam 
Gilman Fine Sandy Loam 1.25 Loam 
Antho Gravelly Sandy Loam 1.25 Sandy Loam 
Antho Sandy Loam 1.25 Sandy Loam 
Carrizo Gravelly Sandy Loam 1.25 Sandy Loam 
Valencia Sandy Loam 1.25 Sandy Loam 
Estrella Loam 1.25 Loam 
Estrella Loam 1.25 Loam 

Rillito 
Rillito 
Perryville 
Gunsight 
Gunsight 
Pinal 
Harqua 
Calcio/Torrio 

Loam 
Loam 
Gravelly Loam 
Loam 
Loam 
Gravelly Loam . -- - - -. 

Gravelly Clay Loam 
Sandy Loam 

Loam 0.29 
Loam 
Sandy Loam 
Loam 
Loam 
SandyLoam 
Sandy Clay Loam 
Sandy Loam 

January 1, 1 9 9 5  



Maricopa Central Soil Survey - 
Map .. % Of C o n t r o l  X K S A T ,  
Unit Map H o r l z o n  T a b l e  4.2 i n c h 1  
No. S o l l  Name U S D A  Soll Tex tu re  U n l t  Depth,  Inches Tex tu ra l  Class hour 

RS RockOutcmp - 55 - 
Cherio~i Very Gravelly Loam 57 1 6  Sandy Loam 
Sachado Very Gravelly Loam 33 Sandy Loam 

Ta Toltec Loam 90 0-12 Loam 0.25 
Gilman Loam 3.33 Loam 
Laveen Loam 
Tucson Loam 

Loam 
Loam 

TB Tonifluvents Sandy Loam 
Tc Toniorthents 

100 060  Sandy Loam 0.40 

TD Tcrripsamments Loamy Sand 
Tonifluvents 

100 060 Loamy Sand 1.20 

?e Tremant Loam 85 0-12 Loam 0.25 
Rillito Loam 5 Loam 
Laveen ~ o a m  5 Loam 
Mchall Loam 5 Loam 

T:A Tremant - Gravelly Loam 95 0-12 Sandv Loam 0.37 
Tremant Gravelly Sandy Loam 3 Sandy Loam 
Laveen Loam 
RllI!to Gravelly Loam 
Mohall Loam 
Harqua Gravelly Clay Loam 

Loam 
Sandy Loam 
Loam 
Sandy Clay Loam 

TfB Tremant Gravelly Loam 85 0-12 Sandy Loam 0.35 -- 
Harqua Gravelly Clay Loam 3.75 Sandy Ciay Loam 
Riilito Loam 3.75 Loam 
Gunsight Gravelly Loam 3.75 Sandy Loam 
Laveen Loam 3.75 Loam 

- 
Tg Tremant Clay Loam 85 0-12 Clay Loam 0.04 

Mohall Clay Loam 3 Clay Loam 
Veconl Clay 3 Clay 
Laveen Loam 7 Loam 
Haraua Gravelly Clay Loam 3 Sandy Clay Loam 
Rillito Loam 3 Loam 

Th Tremant Clay barn  85 1 -8 clay ~ o a m ~  0.04 
Rillito Loam 3 Loam 
Mohall Clay 3 Clay 
Laveen Loam 3 Loam 
Pinamt Gravelly Clay Loam 3 Sandy Clay Loam 
Harqua Gravelly Clay Loam 3 Sandy Clay ~ o a m  



Maricopa Central Soil Survey 

Map % of C o n t r o l  XKSAT,  
Unk M a p  H o r l z o n  T a b l e  4.2 I n c h /  
NO. S o l l  Name USDA Soll T e x t u r e  U n k  Depth,  Inchea Tex tu ra l  C l a s s  hour 

'rPB Tremant Clay Loam 40 1 4  Clay Loam 0 12 
Tremant '/en, Gsvelly Loam -- 40 0-12 Sandy Loam 
Mohall Loam 4 Loam 
Estrella Loam 4 Loam 
P~namt Gravelly Loam 4 Sandy Loam 
~aveen Loam 4 Loam 
Gilman Loam 4 Loam 

TrA Tremant Chy Loam 40 1 4  Clay Loam 0 il 
Rillita Fine Sandy Loam 25 2-10 Loam 
Gunsiqht - Loam -- 20 1-3 Loam 
L a w n  Loam 5 Loam 
Harqua Gravelly Clay Loam 
Perryville Gravelly Loam 

Sandy Clay Loam 
Sandy Loam 

TrB Tremant Clay Loam 35 1 4  Clay Loam 0.13 
Riliito F~rm Sandy Loam 30 2-10 Loam 
Gunsight Loam 25 1-3 Loam 
Laveen Loam 2.5 Loam 
Coolidge Gravelly Loam 2.5 Sacdy Loam 
Peryi l le Gravelly Loam 2.5 Sacdy Loam 
Harqua Gravelly Clay Loam 2.5 Sardy Clay Loam 

TSC Tremant Clay Loam 
Rillito Fine Sam Loam 

35 1 4  Clay Loam 0.14 
30 2-10 Loam 

Gunsight Loam 20 1-3 Loam 
Camzo Gravellv Sandv Loam 3.75 Sandv ism 
Laveen sandy Loam . 3.75 S&  om 
Coolidge Gravelly Sandy Loam 3.75 sandV Loam 
Penyville Gravelly Loam 3.75 Saf@ Loam -- 

Tt Trix Clay Loam 88 0-10 Chv Loam 0.04 
A V O W  Clay Loam 3 Chy Loam 
Glenbar Chy Loam 3 Chy Loam 
Mahall Chy Loam 3 Chy Loam 
L a w n  Chv Loam 3 Clay Loam 
- - 

Tu Tucson Loam 85 0.14 Loam U.25 
Casa Gande Loam 3 Loam 
Laveen Loam 3 Loam 
Gilman Loam 3 Loam 
€stella Loam 3 Loam 
Tremant Loam 3 Loam 

Tw Tunon Clay Loam - 82 0-14 Chy Loam 0.05 
Casa Gande Loam 
Mha l l  Clay Loam 
Laveen Loam 
Gilman Loam 
Estrella Loam 

Loam 
Chy Loam 
Loam 
Loam 
Loam 



Maricopa Central Soil Survey 
- 

Map % o f  C o n t r o l  X K S A T ,  
U n t t  Map H o r l z o n  T a b l e  4.2 I nch1  
No .  S o i l  N a m e  USDA sol1 T e x t u r e  U n l l  Depth,  Inches T e x t u r a l  Class hour 

Va Valencia Sandy Loam 85 0-10 Sandy Loan 0.39 
Coolidge Sandy Loam 5 Sandy Loam 
Estella Loam 5 Loam 
Mohail Sandy Loam 5 Sandy Loam 

Vb Valencia Sandy Loam 70 0-10 Sandy Loam 0.39 
Casa Grande Sandy Loam i .5 Sandy Loam 
Antho Sandy Loam 7.5 Sandy Loam 
Estella Loam 7.5 Loam 
Coolidge Sandy Loam 7.5 Sandy Loam 

Vc Valencia Gravelly Sandy Loam 80 0.30 Sandy Loam 0.39 
Anho Gravelly Sandy Loam 6.67 Sandy Loam 
Camzo Giavelly Sandy Loam 6.67 Sandy Loam 
Estella Loam 6.67 Loam 

VB Vemnt Loam 85 0-10 Loam 0.25 
Mohail Loam 5 Loam 
Gilman Loam 5 Loam 
Laveen Loam 5 Loam 

Vt Vecont Clay 85 0-15 Clav 0.01 
Mohall Clay Loam 5 Clay Loam 
Esbella Loam 5 Loam 
Laveen Loam 5 Loam 

Vg % - . . - -  Loamy Fine Sand 77 0-27 Loamy Sand 0.91 
Anho Sandy Loam 4.6 Sandy Lcam 
Carrizo Gravelly Sandy Loam 4.6 Sandv L.oarn 
Brios Sandy Loam 4.6 Sandy Loam 
M a n p  Sandy Loam 4.6 Sandy Loam 
Gilman Fine Sandy Loam 4.6 Loam 

Vh Wnt Fine Sandy Loam 80 0-14 Loam 0.27 
Anho Sandy Loam 6.67 Sandy Loam 
Brios Sandy Loam 6.67 Sandy Loam 
Mar ip  Sandy Loam 6.67 Sandy Loam 

l/k Vint Loam 80 0-14 Loam 
Antho Sandv Loam 5 Sandv Loam 
M w J  sandy Loam 
Gilman Loam 
Brios Loam 

~~ , 
sandy Loam 
Loam 
Loam 

Vn Wnt Clay Loam 80 0-14 Clay Loam 0.04 
Cashion Ckv 5 Clav 
Avondak clay Loam 
Avonda Clay Loam 
Brios Loam 

clay ~ o a m  
Clay Loam 
Loam 



Markxpa Central Soil Survey 

M ~ P  % of Control XKSAT, 
U n i l  Map H o r l z o n  Table 4.2 i n c h /  
No. sol1 blame iJSDA Soll Tex tu re  U n i l  Depth ,  Inches Tex tu ra l  Class hour 

--- -. . . - - - - - - -- 
Vr Wnt fine Sandy Loam 28 0-14 :~am 0.63 

'Ant Loamy Rne Sand 27 0.14 Loamy Sand 
17anizo Gravelly Sandy Loan 15 0-5 Sandy Loam 
Carrizo Gravellv Sand i 5 0-5 - Loamy Sand 
Brios Loamy Sand 3.75 LoamySar-d - 
2ntho Sandy Loam 3.75 Sandy Loam 
Torripsamments Loamy Sand 3.75 Loamy Sand 
Toaifluvents Loamy Sand 3.75 Loamy Sand - -. - 

Wg Wntersburg Clay Loam 50 0-12 Clay Loam 0.63 

Wintersbum !??- 35 0-18 - Clay 
Cashion Clay 3.75 Clay 
Avondak Clay Loam 1.75 Clay Loam 
Lavean Loam 3.75 Loam 
Wlntersburg Clay Loam 3.75 Clay loam 

June 1,1992 





Northern Pinal Counties 
Loss Rate Parameters 





Eastern Soil Sunrey 

Map Control 
U n i t  Horlzon Tab le  4.2 T e x t u r a l  X K S A T ,  
No. Soil Name U S D A  Soil T e x t u r e  D e ~ t h .  in Class inlhr 

,- 
. . 

Af Agualt . . Fine Sandy Loam . . - 0-17 Loam 0.25 -. - 

-. Ag mait ~- Loam -- - - - 0-17 Loam .- 0.25 

Am Alluvial Land Sand 0 6 0  Loamy Sand . 1.20 

AnA Antho Sandy Loam - --. 0-1 7 Sandy Loam -- 0.40 -- .. -- -- 
AnB Antho -. . Sandy Loam -- 0-17 Sandy Loam 0.40 

AoB Antho - - Gravelly Sandy Loam 0-17 Sandy Loam 0.40 

.- Av Avondale Clay Loam 0-13 Clay Loam 0.04 

Ca Canizo -- -- Gravelly Loamy Sand 0-15 Loamy Sand 1.20 

Ch Carrizo Fine Sandy Loam 0-15 Loam 0.25 

Cc Cashion Clay 0-12 Clay 0.01 

CeC Cavelt Gravelly Loam 2-8 Sandy Loam 0.40 -- 

Co Contine -- Clay Loam 0-12 Clay Loam 0.04 

Es Estrella Loam 0-15 Loam 0.25 
-- 

- Gf Gilman - Fine Sandy Loam 0-13 Loam 0.25 

Gm - Gilman Loam 0-1 3 Loam - -. 0.25 

Gn Glenbar Clay Loam 0-14 Clay Loam 0.04 

Gr Gravelly Alluvial Land Very Gravelly Sandy Loam, Loamy Sand -- 0-60 Loamy Sand 1.20 

LaA Laveen .. Loam 0-14 Loam 0.25 

LaB Laveen -- Loam 0-14 Loam - 0.25 - 

LeA Laveen - Clay Loam 0-14 Clay Loam 0.04 
Mo Mohall 

-, 
Sandy Loam 0-15 Sandy Loam 0.40 

Mv Mohali Loam 0-15 Loam 0.25 

Pm Pimer 
-- 

Clay Loam 0-15 Clay Loam 0.04 -- 

PnA Pinal Gravelly Loam 0-18 Sandy Loam 0.40 

- PnC Pinal Gravelly Loam 0-18 Sandy Loam 0.40 

Po Pinal Variant Loam 0-13 Loam 0.25 

PvA Pinamt Very Gravelly Loam 0-3 Sandy Loam 0.40 
PvC Pinamt Very Gravelly Loam 0-3 Sandy Loam 0.40 

RIA Rillito Gravelly Loam 0-13 Sandy Loam 0.40 

RIB Riilito Gravelly Loam 0-13 Sandy Loam 0.40 

Ro Rock Land Gravelly Loam - Clay Loam - Loam 0.25 - 
Ru Rough Broken Land Varies - Sandy Loam 0.40 

TrB Tremant Gravelly Sandy Clay Loam 1 6 Silt -- 0.10 

-. Tx Trix Clay Loam 0-14 Clay Loam 0.04 

Va Valencia Sandy Loam 0-13 Sandy Loam 0.40 

Ve Vecont Clay 0-14 Clay 0.01 

Vf Vint Loamy Fine Sand 0-12 Loamy Sand 1.20 





June 1 ,  1992 





S O l L  TEXTURE CLASSIb'ICATION 

TRIANGLE 

% Silt- 

Definitions: Clay - nineral soil particles less than 0.002 mm in diameter. 
Silt - mineral soil particles that range in diameter trom 

0.002 mm to 0.05 mm. 
Sand - mineral soil particles that range in diameter from 

0.05 mm to 2.0 mm. 

Example: Point A is a soil composed of 40% sand, 35% silt, and 25% clay 
It is classified as a clay loam. 





Tc and 

Junu 1, 1992 
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Precipitation Depth versus Return Period for Partial-Duration Series 





TheFlood Control District staff has conducted acomparison of different hydrologic 
methods for tulorial purposes. The results kom these comparisons support a major 
objective for developing the Drainage Design  manual of MaTicopn County: the stand- 
ardization of drainage analyses. This helps alleviate problems that occur after a 
developed parcel is annexed. The comparisons are summarized below. 

Two separate applications were considered for making a comparison of hydrologic 
analyses. The f i s t  looks at a small urbanized watershed using several different 
methodologies,butprimarily theRationa1 Method, and is summarized inTableH-I. 

The Maricopa Rational Method generates higher peak discharges than that being 
used by thecity of Phoenix. However,inmost instances, these figuresare not overly 
conservative when compared to recorded data. The significance of this difference 
depends on which return frequency is used and for what purpose. 



'The second application compares retention requirements for various cities with 
those outlined in the HydrologicDesign Manual, and is summarized in Tabit. H-2. 

There is a 48 percent difference in discharge values between municipalities, as 
compared to a 24 percent difference using the Hydrologic Design Manual; and there 
is a 51 percent difference in volumes between cities, as compared to a 12 percent 
difference using the Hydrologic Design Manual. The significance of the differences 
becomes important when the runoff from one lurisdiction impacts another. 

If a fsrtiu?r understanding of the results is needed before a decision is IT!.:& on 
whetht: 1 : ~  not to accept the impacts from these differences, please contaci us.  The 
Flood Control District will make every attempt to present the Drainage Design 
Matl~iai in a comprehendable format. 

H-2 June I ,  1992 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
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TeY Tc,o.  i . LL.7 hrs : : 3.30 ( ; l /hr ,  Z,., i . / f i 4 Z ( 3 . 3 0 ) ' ~ ~  0. 662 A ~ s  + OK 

A = ( . b j )  (3.30) (83.2) = 173 c f5  Q,oo = C.,, L,oe 

@ C / ~ Y  OF PF+<@/K /?.~T/ONAL METHOD From: "Sr0RM D R U I U  DK5IG.V  
HAMUAL'. Cl'ty of P h o e n ~ r ,  

BASIAI PARA MFTERS : &ly,  19B8. 
A R E A :  8 3 . 2  PC 

O V E R L A N D  F L O L ~ L E N G T ~  ( A L L F Y  T O ~ T X E ~ ~ )  : /so' 
M A X . t M U M  4U?TER FLOW L F N G r N :  SS90' - L 
S ' . l l %  

c = a. 4 5  ( R ~ S / ~ F N T / A  L AREA, AvcaAGr z o n / / ~ ~  1 

CALCULATE TC : Sum o f  Overland 4 G u t t e r  Fhu C?:: +- Ctt) 

2 5  /. 5 2  27 

5 0  /. 78 6 7 
/DO /. 98 

- . .- -. .- 
7 4  -- 

C l  T Y  OF P H d E i V / X  ' C - C s M  .- E T N O D  DAS/N PARAMETERS : 

Tc = / o y X r  (,D.zI) 
SOIL Group B ,  CN:  8LI i R  
5 a Is CWf) = /./'f'/ hr 



n FLOOD CONTROL DISTRICT OF MAHCOPA COUNTY 

.iio~:ci METHOD CBHPAR :SON P A G E  - 3 OF -.k- 
DET;il~i. Yo_u~N&ZB~~/N ~ACGSNLCOMPUTE~ D A T E  -- 

CHECKED B Y  [)A?-E 

BAS / 6' PA RA H-F TttRS : 

A .= .  13 m i z  

..j = -< 8 ft/m/' 
L = a23 mi 

Kb= 0.028 
C m c  - A r e a  Curuc  : c l e 8 n ~  
R u n o f f :  Cior lc  U n i t  Hydrograph 

 LOSS^^: Green  - A m p f  f l c f h o d  

LossEs: S O : L , ? + L \ ~ ~ / I ) ; ~ ~ T - - +  L c A [ r o % / . ) ,  Pe4 (35%), 'JF(/57.) 
F/?Ol"lAfPF,VD/K C ,  X K S A T  V A L U E S A R F :  L c A - +  . 2 5  'A/.+P 

P c A  --. .37 i ' n / h r  
vf -' .01 i n / k r  

BASIN Awe rage XKSAT: 
X K S 4 T  ~~0b[.50(/0~.~5)+.35//0~.37) t,/5 (/ag .0l)] : . 18 < * r / h r  

FROM F IG.  9 3 ,  PS/F= X7io ond D l H r r A  ( D R Y )  0.38 in 
IA = . S O  ( . 2 d )  + . SO(./O) = O./5 I Z  ( 5 0 %  Dcscrt i ~ n d r c a ~ c ~ ~  4 50% / a w n s )  

R r / M P  : 25% (coonec&ed i m p e r v i b u ~ n c s s )  

fix-! ,~L///.Y .YS/N+ 6 - H ~ R  RAINFA L L  D-rfls ( a d j u s t e d ) ,  6 - H:WR PATFEW /, 

4,vs TC gi R CAL c O L A  rmus FROM PCUHPI . E X E .  : 

9 cirr C~~.PHOEN/Y ~. ,, C ~ ~ P ~ T F R  - G E N F R A T E D  A_NALY.YII P R O C E D ~ R E  'I 

CLIRV€P/Uf?BCR : 8.77'0 B 5O/L -+ . g s C g y ) + ,  = 8 5  
/5% D S O I L  

- 

LA4 T i M P :  TL = 0.6 7; 

Tc " L6 .3  m;o fro, RO f i o n o l  Ncfhod Calcs. ''0 @ 
TL  = 0.6 ( 6 6 . 3 )  = 39. 8 m"n = 0.663 hr 

A L : PL/- Hm/r ~ + 9 & 5  and ~ /&r idukrbo  f r o m  p. /6 o f  fhe 
' . S t o r m  D r a i n  De513n Mqnual ". 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT METHOD C o m p ~ e  ISON -PAGE 4 OF -- 9 

DETAIL &_"J_GTOW/V %.T~.=H~D-COMPJTES . -  _--DATE 

- 
--- . ChECK-D BY DATE 

/OD % 04 /2 6 
- ~ ----p---.--p---.-p- 

SUMMARY T A B L E  : PFAK DISCHARGES -- /N CFS 

C !i'P' OF PHK. FLOOD 

c : ~ r  F ; P F Q U J Y  I 
20 1 16 

I 31 49 

6 I ! I 48 
I 

8 3  

'' IZb 105 

126 / 90 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY (3 F'RGLECT . z ! f ~  ~ c ~ ~ ~ ~ ~ f ~ o ?  PAGE 3 

I -,A ,- 
cow :JETAIL . & L ! C ~ ~ ~ L % / ~ ~ T L - @ ! ~ C E  COMPUTED D A T t  -- 

-. ,7 - CHECKri)  By L ~ R  :E 

The  $ S . G . S .  operafed a s t r c a r n / p r e c c ~ t . i o ? i o n  gau3e' 
at t h e  o u t / e t  o f  f h e  Youn3+odo  L tb f c r shed  dur<n9 t h e  , p e r r o d  

/ 9 6 /  - /973, L / ~ c ' n y  t h e  C u n s n e  p/o+i'o3 posc'&r'on, s u m m a r y  
of fhe d a t a  and t h e  s f a t i s $ c ' c a /  a n ~ ; y s i s  f o / / ows  : 

WATER YEAR RANK (m) P = m - ,  Y RETURN PFRICD 
N t .  2 C years) 

* Gauqe -it 9 -  5/37 : Agua F r i a  Tributary at young t o w n ,  A z .  



9-l79b 
Extreme log data plot 

Apr l  !955 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL S U R V E I  

V4TIh 9 L 5 U R C E 5  OIY1S10Y 

l a q l l l t u d e  a n d  frequency o f  A.5.u~ FR/A T ~ / ~ .  @ YOUNGTOWN! A Z .  on 

:i::;;>.?yc ires 0. 1 3  sq.  mi. perlo,! 1961 - /973, 

Sheet N a .  o f .  S h e e r . ~  Prrparrli b y .  . . . Date - -  . .  Chwked by . -  . Dar? 
G P O 8 5 3 7 5 1  



MAP OF YOUNGTOWN, ARIZONA 
MAP 1 OF 2 .%A L E 

PART 2 .- ; " " (' ... ., - >z;.. b 



Extreme log data pio; 
Apr l  1955 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GE0Lff iCP.L SURVEY 

* L I E R  9E50UsCL5  OIYISIOH 

Magnituoe and l r e q ~ e n c y  of \ ~ ~ U N G T O W M  ( A G U A  FRIA ~ 1 8 . )  , , an 

Sheer No ._- .  n i  . Sheeti P r e p a r d  b y .  Date . .  C ! i e r i s i  bbi . . D a i e  
G P O  8 8 3 7 5 1  



- .  7-i74b UNITEC STATES DEPARTMENT OF ThE INTERIOR 
ne 102 d a t a  pi01 G E O L X I C A L  SIIRVCT 

Fiip 
i p r i  1955 

Y I T F P  ECl lOl lRCLS DiVl i lDH 

Magn;:uOe and fre?,,eniy Y ~ J N G T O ~  ( ~ 4 6 ~ 4  F R I / ~  3 1 ~ .  ). . . 

. . z l * , l , d j e  i r , :e  0 13 50 m, ae;!n4 

8 a 
"7 0, '4 

r\l 

i$hi+t So o f .  . S h e t i  Prepan' b y .  . Date r. Checked by ~ ~ ~ ~ ~ ~ i;au 
S P p  9 6 3 7 5 1  



I D  H A R I C O P A  COUNTY U N I T  HYDROGRAPH PROCEDURE 
13 :'SI.INGTO~N C.:E:~CEEL~: EHR - 130 V R  RA:NPALL, c:.(.?J: L!v;;:~ ; ; ~ D R o G ~ . ~ T : < ,  

I D  GXEEN & AMPT L O S S E S ,  URBAN T I M E / A K E h  C U R V E  
I T  5 100 
I0 0 
KK S U B 1  
BA .13 
I N  15 
KM 6 - H O U R  R A I N F A L L ,  F A T T E R N  NO. 1.00 WAS U S E D  TO F I N G  TC & R F O R  T H I S  B A S I N  
KM T H I S  B A S I N  U S E G  A R A I N F A L L  R E D U C T I O N  F A C T O R  O F  .998 
P C  ,000 .008 '016 ,025 ,033 .041 .050 .058 .066 ,074 
P C  .087 ,099 .ll8 ,138 .216 .377 ,834 .911 .931 .950 
P C  ,962 .972 ,938 .991 1.000 
LG .15 . 3 8  5.7 .l8 25.0 
UA 0 5 16 30 6 5 7 7 8 4 90 9 4 97 
UA 100 
UC 0.82 0.96 
z 2 

I D  M U L T I - F R E Q U E N C Y  RUN F O R  YOUNGTOWN WATERSHED 
I D  U S I N G  C R I T E R I A  E S T A B L I S H E D  I N  T H E  C I T Y  O F  P H O E N I X  
I D  STORM D R A I N  DESIG!? MANUAL 
I T  10 250 
I0 3 
.i E. 6 
KK ?DUNG 
BA .13 
I N  3 0 
P B  1.44 
P C  0 .004 .008 .013 .018 ,022 .026 ,031 .035 .040 
P C  .044 ,048 .053 .057 ,062 .Oh6 .071 ,075 .080 ,093 
P C  .lo7 .I20 .I40 .I70 .50 .830 .860 .a80 .893 .907 
P C  .920 .92L ,928 .933 ,937 .942 ,947 .951 .956 .960 
P C  .964 .969 .973 .978 .982 .987 .991 .995 1.00 1.00 
L S 85 
UD .663 
K P  2 
P B  2.1 
K P  3 
P B  2.53 F I G U R E  4 
K P  4 
P B  3.12 H E C - 1  S A M P L E  PROGRAMS F O R  
KP 5 
P B  3.57 MARICOPA COUNTY U N I T  HYDROGRAPH PROCEDURE AND C I T Y  O F  P H O E N I X  METHOD 
K P  6 



U?W 33'2 = ,,r.(s.) 
(ocl]  C Z h O '  

= '7 
LL' 7,7+?7 s 2  



FLOOD CONTROL DISTRICT OF MAMCOPA COUNTY 
PROJECT f f ~ w o o  COMPARISO,~  --?ACE 2 OF 6 

. -- ?E T 4 L. RL~C~OL_-~C~~/!~CCCT!K?A~- COFh P Ci i E C  _p.... . ._..._p.- D ,.,I : ;. 

-. . - --- -- I T  ChECKE: B Y  i j *  . E 

M A R  iCOPA M E  Th'0"I FOR C H A N D L  FR 

C = 0.63 
L = /. 023 m ~ '  

Kb = - .  00625  C log 83.2) +, OY . 028 
S = 27.08 ft/m'' 

T; .s K b . l Z  S:31 i 7 J B  

A$= / 8 7  l'n 7 0.646 

TRY T< = 2 0  rr in. ,  (> = X /  ~ ' n / h r ,  L ; ~ ~  = ( ~ / ) ( 1 . 8 7 ) / 2 . 0 7  = V 6 /  r i r /hr  ' 

7-c = . 6 Y L  ( V . C /  )-.3a = 21.69 mt.0- N O  GOOD 

7-RI' Tc * 2 2  mrb. ,  ip = Y B  i n / & - ,  c;- ( ' / . e ) ( 1 . 8 7 ) / 2 . 0 7  = 4 .34  i n , !  i. 

TC : .Ly& { i . J Y ) - , j e  22.2 m i - - - O K  

a,.,, a i . 6 3 )  ( 4 . 3 4 ) ( . ~ 3 . ~ )  = 227 c& 

VOLUME.: V =  C A  ( P , ~ / / z ) ;  P/.:= . 3 ' f I  ( ~ k ) + . 6 5 9 ( ~ , ~ : )  = Z . 6 6 i n  

Vrn = ~ . & 3 ) ( 8 3 . 2 )  ( 2 . 6 6 / 1 2 )  = 11.62 
-- - -- 

@ - C I T Y  O F  GLENDALE, SOURCE: ~ i t ~  o f  G/enob/e D e s i g n  $u;de/c'ncs 

f o r  Site D e v c l o p m c n t  and 
C I T Y  M E T ~ O D :  RATIONAL METHOD X n f r o s t r u c t u r c  C o n s t r u c t i o n -  1990 

Basrn O u t l e t  L o c a t i o n :  ~ o r f h c r n  # 6 7 r u A ~ 6 .  
7;= ft + / O m i q  

C ' 0.45 ( f r o m  City of Phocni 7 / ~ l a n ~ a l )  --, 



FLOOD CONTROL DISTRICT OF MAMCOPA COUNTY 

. 
,,.-..-, , i;,, ,,  &T:F~C~/~ION RPQUI~E~"~~F._V!S~- i:OMPU T E D  . . . . . . . . p  D A T c  7 

PTAR!CO,OL\ C O U N T Y M E 7 7 f O D  FOR C I T Y  O F  G L F N D A L E  -- - 
-31 ,-38 - = N 4 ( 1 .023 ) "  (. 02 s ) . ' ~  ( 2 7 . 0 8 ) .  L - . 6 46 L , P,: = / 9 5  in 

' ( r . s ) ( 1 . s s ) / r . o 7  = rs2 ( & / A r  7Ty 72.; 22  m , . o ,  i p z  q8 in /&- ,  L,,,,, = 
7- ,c - - . 6q6 ( Y-%?)"' = 21.85 mc'n -+ O K  

a,,,. (0 .63) ( ' / . r z ) (83 .2 )  = 237 CG 

0 L, 7-y  ~ O ~ . - - , : ' ~ ~ , " . J " ~  ~ 

S O U R C F :  Ncja E f i g i n c c r i o y  /'rocr.dZure P7'anucal. A l e  

1983, dug.  1789. 
BASJN OUTLFT L o c A r m M  : HCmvFf~ fl R.FCK€F? R d .  
C I T Y  MErMOD : R A T l O N 4  L EQUATION (50 -year) 

c : / O X  ROOFS ( . t5) ,  / O X  PACTHENT(.SS), Y O %  Deser t  Lsndscapc C . 7 0 ) -  

/ d Z  8 s r r  Ground ( . S O ? ) ,  30% G ~ Q s S  Landscape ( . IS)  

c : . 20 (.ss) + .YO (. 70) * . /O [ .SO)  C . 3 0  C. 1.5 ) ' 0.2iYS 



FLOOD CONTROL DISTRICT OF MAMCOPA COUNTY 

Qtoo = ( . 6 ? ) ( v ~ / )  (83.2) ;  23 c f j  

V O L U M E :  
f%'' . Y P Y r . 7 5 5 .  (3.60)L/3.50 = i lY$"i ,  

@ C / T Y  O F  PKDFN/X 

SOURCE : City of phoenix. 5fernr Orar'n Destqn H a o u s l ,  - X i y ,  i ? B R  

BASIN OU7LL-7 L O C A T / O 4 . -  RAY R d .  YC m ST 

c l r r  f l ~ r m o  : scs 
C = , / @ / -  G Z o n i n g )  

s = . 005 f"l,.''~~~ : H y d r o  /og ,c So,'/ Gmup B : C N  " 8 Y  
L ~ ' : A : / L  = v3,5&0 x 8 2 . 3 / 5 r ~ 0 =  6 C Y ' ;  /v fz  / . / O  

For B a d  2.66 d ; ,  , Q = /. 25- 
4- rsv  <.rs)(l.zsi = ,38 c& 

.568 - 

\ i b i u , ~ g  : V' 7200 CTA , ~ c i h e r ~  C : .  Y5, L= /.Z5-c'n/hr, 4 = 8 3 . 2  oc 

v=[7200  (. 45)C 1.25)(83.2)/'/3,~60] = z75' Q C - f f  
-~ -- 

M/I&/COPA C O U N T Y  M F W O D  FOR C / T Y  O F  P K O E N / X  P/dL = Z. 00 c.0 

- 3  3 &.,& L.:3e P , D ~  = 3.30 I l l )  7p = /i. 4 (1/. 023)'~(.0~8)'~~(2~.08)' L - . p/&' = 3. PO ,I) 
7RY 7Z = 22 w i n . ,  L )  a ~ ' q / h ~ ,  a (2.m)(+!8)/2.07= 9 6 V 4 ' h / h ~  



A@-m"%, FLWD CONTROL DISTRICT OF MARlCOPA COUNTY 
M?-THOD C O ~ P A R ~ S O N -  5 ,' ... + K ~ J , ~ c ;  P A G E  OF 

CITY  OF ......... P H O E N I X  ( C O O & , )  PIM' . V?Y +.  75b (3.30)L/3.93 = 2.60 I X  
A m Z  

V O L U M E :  v = c A ( ~ )  ~ / ~ ~ = . 3 v / ~ ~ , 3 o , + . ( r ~ ~ ( r . ~ o ) = ~ . s u ~ *  

C r i t e r i a ,  Sec&tbn Z , r u  ly , 1 9 8 5  

BASIN OUTLET L 6 C A T l O N :  .Tomox Rd + /36 ' U  ST 
CITY ~IETUOD: R A T I O N A L  H F T H C O  

Z O N I N G  : R I - 7 ;  M'dro/ogr~ Sot '  Geeup 8,  C N  - 92, C D  = 0.65 

.;+t : 2 Y ; 7  m,'n , 7; = 2.55 + 2V17  = 26.72 mtit 

A?., ;rc = 27 ,,,in al?d P,oo' = 2. 27 r'n , L',OO = 3. @5 l * / h r  

a,, = (.~5)(3.85) (83.2) ' crs 

-. -- 
o..';:/U/uNAL ................ M P T K O D  F O K _ S C O l % S D A L € :  7echnipucs used in f / t e  "Q<ncraf  D r o i n a q e  

P/an for N o r t h  ~ca7Y~fi;daie , Ar is .  " 

4N r /CC- l  M O D C L  i r S / A / G  TWf F U L L O W I N G  /NPUT GENFRATEb P? "KA k D I S C H A R G E  

OF 7'25 tf5 .%dD A RUPJOFF V O L U M f  O F  /8.4 sc - ff. -- 

IT 5 z o o  

10 3 
K K  
PB Y.5 
PC . . , Sc5 TVPE E A  
L  5 7'i' 95 
U K  1 3 0  .oQF .ZcD 65 
UK SD .01 , 0 7 5  35 
R Y  LZO. .005 . O Z O . O l O 8  T I A P  YO. 

R K  4U5: .oQS .025 . I 3  TRAP SO. 

M A P I C O P A  C O U N T Y  M E T H O D  FOR C / r Y  OF>COTS D A L E  A.'; 2.30 iv 
-31 . : 38 . P , o f n  3. y2 iQ  

T; = 1,. r ( / . 0 2 3 ) . ~ ( . o z e ) . " ( z z o 8 ) '  L , 7;'. 646 i-'= P A V  = 4.55 L'O 
TRY' 2 = 22 m,.n., + = Y 8 th /Xr ,  ilM = X 8  ( 2 . 3 / 2 . 0 7 )  = 5 3 3  i n / h r  

= . C 5'6 (5-.33)"e = 2O.SZ qmin --. N O  Go60 

TRY Tc  = ZO m ; ~ . ,  ip = 5.1 i n / A r ,  t ; ,  = b67 r"/hr , I; = .6Y& (~67)"~ ' 20.05 m h .  .+ OK 
0,- = c.63 )<~67)(83.2)= 297 c f i  



FLOOD CONTROL DISTRICT OF MAMCOPA COUNTY 
~ - ' R ~ ~ E c - , -  H'~-HoD - ~- CO~-~PARISON - -PAGE 6 CF .-& 
-. -. . - , , i .  i5k.<c. ~ , ~ _ f ~ ~ ~ ~ ~ : r ~ ~ - r t ~ f s ~ ~ ~  cc M p 
. . I ! - . r~ - r ,  ,, 1 . , . . . . . .. 3 ATE 

r<., -....-..-..s_.-_...._ s._._..... Cl- IL-~EC B Y  C D  TE 

(:/?.i' O F  -SLGiTSDALLf  ( c o o t . ) -  -. . . - . - .. 

V a L U i ? E :  P / M ' = ,  M Y e . 7 5 5  ( 3 . ~ 2 ) ~ / 1 / 5 5 )  i 2 . Y 3 5 ~ h  

p / o t  = . 3 Y /  (3.42) t, 6 5 9  (2, ~ 3 5 )  2.77 ''0 

v = ( 6 3 )  { 8 3 . 2 ) ( 2 . 7 7 / 1 2 )  ; /2.0/ o c -  fts 
~ .. ~ . 

(3 - m. ~.~ O F  T.Cf7F 5 ,  S O U e C E :  TEP:?h p U B L / C  W O R K S  D€PZ - PR/VATC 
\ DFL/FLOPM€/T DPS/GN CRI  T€R/A  ; JL n c ,  1 ? 8 7 

BAl;/N OLITLKT L O C A T / O A /  : PRICE  / JOUT..EA/ '4 

C I T Y  IY ETtfDD .' RA T//ONA L N C T M O D  

7;' ,/C.? + 33.7 m t o z  o r t i , ;  L ' =  2.97 ~ n , ' h r  

Q,,, z <,ZG):~,:.:\ i 8 3 . 2 )  = .- ~ 3 8 ~ ;  -- V = ( D / ; ~ ) A C  = ( z . v / l t j  l~t3.z;,,.'?:,-) = /< ecr a,:: ~. . c t - 

HARlCOpA Co. HF7MOD 

c i TY 
. 

I. CHANDLER 13.19 11. 6 2  

2.  G L F W D A L F  
i 
1 /o? /0 .88 

3. MESA / I .  ‘i7 
'I: PHOEN/.X 7.74 243 /z . s// 
.<. : ; C O r r S D A L E  2 0  8 297  
6 .  T0rrP.F 11. 1s 
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DDMS User's Guide 

I. About the Drainage Design Menu System 

The Drainage Design Menu System was developed by Sandra Towers with direction of Ted 
Lehman of the Flood Control District of Maricopa County (FCDMC). The menu system's main 
purpose was to bring together several programs currently used by the District in conjunction with 
design hydrology using the methods in the Drainage Design Manual: Volume I Hydrology (1992). 
The menu system was intended to facilitate the input and management of data used in the 
development of design hydrology according to the Drainage Design Manual. The menu system 
makes use of previously existing programs which have been recommended for use with the 
Manual, such as PREFRE, MCUHPl and MCUHP2, and HEC-1. Among the main improvements 
over the previous procedures, the new menu system allows for easy creation of MCUHP input files 
and automatic merging of MCUHP output and HEC-1 data files. It is hopedthat the menu system 
will make for easier, more efficient and cost effective development of design hydrology for 
engineers and hydrologists working with the Drainage Design Manual. 

11. Hardware and Software Requirements 
. ., . . . . . . . 

The Drainage Design Menu System (DDMS) requires at least a 386 IBM compatible computer 
with a math coprocessor. These are the same requirements as those for the MCUHP programs. A 
486 computer is recommended to process data at a speed acceptable to most users. 

The program must be run from the DOS prompt. Much of the program will run in a DOS prompt 
window from Windows but HEC-1 will not execute. 

The DDMS comes with PREFRE. MCUHP1, MCUHP2, and RATIONAL executable programs. 
HEC-I is not provided with the DDMS. Users are responsible for obtaining their own copies of 
HEC-1. However, the DDMS as packaged assumes that the user will be using HEC-I through the 
MEhU- 1 interface. 

III. Using the Manual 

Users of the DDMS should be familiar with the procedures outlined in the Drainage Design 
Manual, Volume I. The DDMS is not a replacement for the Manual rather a tool to facilitate the 
use of the methodologies outlined in it. 

IV. Installation Procedure From Distribution Diskette 

To install the DDMS first insert the diskette containing the software into a floppy disk drive, 
change to that drive and type INSTALL. However, before installation read the following 
instructions completely. Those persons downloading the software from the WWW use the 
installation instructions found in the acompanying README11 .TXT file available on the Web. 

. ~ : ~ ~ ~ ~ ~ ~ ~ . : ~ ~ - ~ w r ~ ~ ~ ~ * x ~ ~ :  
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7!ie installation program will ask the user to define the source drive (A: or B:) and a target drive (C: 
, D: : or E: are possible) and a tsrget directoiy. The default (and s~~ggested) target directory is 
HECEXE. The target directory will be cseaied if it does not already exist.' The installation 
program will then 1) copy the executable programs for the DDMS, MCUHP1, MCUHP2, 
PREFRE, and RATlONAL into the target directory, 2) create a subdirectory to the target directory 
called CONTROL, and 3) copy the additional files needed by the DDMS into the CONTROL 
directory. The entire DDMS package with all its associated files will take approximately 1 Mb of 
hard disk space. 

Once installed, the target directory must be added to your path. If you already have HEC-1 
installed, the HECEXE directory should already he in your path. Addtionally, if HEC-I is not 
already installed on your computer you need to do so before all of the DDMS functions will be 
complete. The user map also have to increase the number of files defined in the CONFIG.SYS. If 
HEC-1 is already installed and working correctly the CONFIG.SYS will not require modification. 
For information on HEC-1 software and installation refer to your HEC-1 installation diskettes 
andlor your official Corps software distributor.. The DDMS also requirestheDOS directory to be 
in the path. This is generally already the case for most users. 

V. Getting Started 

So long as the DDMS has been installed in a directory which is included in your DOS path, the 
DDMS may be executed from any directory other than the root directoly by typing DDMS at the 
DOS prompt. The DDMS will not execute a11 functions properly from the root directoql. Also. it 
is strongly recommended that DDMS never be initiated or operated from within the HECEXE or 
CONTROL directories. This will prevent inadvertant overwriting or deleting of default files and 
make for easier file management in the long run. See your DOS manual for help with use of the 
DOS path if you arc unfanliliar with the use of the DOS path command. It is therefore 
recommended that the user create a new directory for use of DDMS for a given study. 

Any time a new analysis is begun, the user must first define a fde family name for the fdes to be 
created during the analysis. The file family is an important concept used in the DDMS. 
Essentially, the file family name tells the DDMS how to name the files for a given analysis. The 
file fanlily name becomes the first part of the DOS file name for each file created using the DDMS 
so long as the current file family remains the same. To establish a new file family, move to the 
Fainily menu and select New Family. Enter a name for the new file family and press Enter]. The 
DDMS will then set up the new file family and return the user to the main menu. The user can 

If an alternate target drive or directory is selected (e.g. other than C:\HECEXE), the file DDMS.CTL will need 
to be manually edited to change the PARAMS-DIR variable to the installed target path. See the 
README.TXT file for additiollal information. 
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verify that the new file family has been established by checlung the top status line. It should show 
the currenl working directory and file family. If the status line does not appear to have the correct 
information, return to the Family menu and try agiun. In all likelihood a simple typing error was 
the cause of the problem. For more discussion of file families and use of the Family menu, see 
section VII. under Family. 

VI. Keyboard Techniques 

Window Movement Keystrokes 
Keystrokes to move around a window 

When any window is displayed, the following keystrokes may be used: 

[Alt]Fl] ...................... Display and move into Help Index Menu 
IF11 .............................. Display current help topic screen 

Additionally, if the window text occupies more than one display box or "screen" of text in length or 
width, the following keystrokes may be used: 

[Home] ........................ Display the first screen of the text 
[Endl ........................... Display the last screen of the text 
[Up Arrow] ................. Display text stating one line up 
[Down Arrow] ............ Display text starting one line down 
[Page Up1 .................... Display text starting one page up 

.................... [Page Dn] Display text starting one page down 
[Left Arrow] ................ Display text starting one column to left 
[Right Arrow] ............. Display text starting one column to right 

Finally, if the window is a help window, the following keystrokes may also be used: 

[Ctrl][Page Dn] ........... Display next help topic screen in current help topic "stack" 
[Ctrl][Page Up] ........... Display previous help topic screen in current help topic "stack" 

Menu Movement Keystrokes 
Keystrokes to move around a menu 

When any menu is displayed, the current item is displayed in a bar of contrasting color. "Hot 
Keys" are shown in another contrasting color. Making a selection using the "Hot Key" depends on 
the menu being used. 

~ . ~ ~ ~ m ~ ~ ~ ~ : ~ ~ - ~ ~ : ~ : ~ s ~ a ~ m ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ w ~ ~ ~ ~ m ~ . : ~ ~ ~ ~ ~  
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In a Strip menu, across the top of the screen, press [Alt] and the "Hot Key" chmacter. The Strip 
menu i ~ e m  will be selected, making a menu drop down below the item. This is a normal menu, and 
a selcction may be made from it as with any other menu. 

I11 all other menus, simply press the "Hot Key" character. If the "Hot Key" 1s unique, the item will 
be selected. If it is NOT unique, the highlight bar will be moved to the next item with the "Hot 
Keg" that is pressed. 

To move the highlight bar Lo a new item, the following keystrokes may be used: 

[Enter] ......................... Select the current menu item 
[Home] ........................ Move to the first menu item 
Endl  ........................... Move to the last menu item 
[Up Arrow] ................. Move to the item one line up from the current item 
[Down Arrow] ............ Move to the item one line down from the current item 
[Left h o w ]  ............... Move to the item on the left of the current item 

............. . . .  [Right Arrow] Move to the item on the right of the current item 
.. [Alt][F1] ...................... Display and move into Help Index Menu 

F 1 ]  .............................. Display help for the current item, if there is any, otherwise, the most 
current help topic screen 

.4dditionally, if the menu text occupies more than one display box or "screen" of text in length or 
viidth, the following keystrokes may be used: 

[Page Up] .................... Move to the item one page up from the current item 
[Page Dn] .................... Move to the item one page down from the current item 

if multiple items may be chosen from a menu, pressing [Enter] on an item will not cause an 
automatic exit from the menu. In this case the following keystrokes may be used: 

[Enter] ......................... Select current ltem if unselected. or deselect it if already selected 
IF81 .............................. Select all items in the menu and exit 

Finally, to exit from a menu use the following keystrokes: 

[Alt][FlO] .................... Exit menu, use all selected items in multiple choice menu. Use 
current item in single choice menu 

[Escl ............................ Exit menu, ignore any choices made 

I * " * . ~ ~ J ~ ' & ~ ~ ~ > : ~ " ~ ~ : . m ~ ~ ~ * ~ ~ ! s m ~ ~ ~ s x ~ ~ * , r ~ . ~ " z ~ . m > s . ~ ~ ~ w a  
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Form Movement Key strokes 
Keystrokes to move around a form 

When a form is first displayed, the cursor is moved to the first field, in the first section. That field 
is highlighted and the cursor blinks at the end of any characters in the field. There will also be a 
strip menu at the top of the screen which provides further options for use of the data displayed in 
the form. 

To change values in the field, use the following keystrokes: 

[Backspace] ................ Backspace and clear the character before the cursor 
[Ctrl][BackSpace] ....... Clear the field 
[Page Up] .................... Toggle to the previous value in a field with a defined a toggle menu 
[Page Dn] .................... Toggle to the next value in a field with a defined a toggle menu 
[Insert] ......................... Enter "Field Edit" mode 

In the insert mode, characters may be inserted before the cursor position or deleted at the cursor 
position. The left and right arrow keys move the cursor only within the field. To exit the insert 
mode press [Enter]. Any other character will be added to the end of the field. 

To move to another field, use the following keystrokes: 

[Enter] ......................... Move to the next field in numerical order 
&eft Arrow] ............... Move to the nearest field to the left on the same line 
[Right Arrow] ............. Move to the nearest field to the right on the same line 
[Up Arrow] ................ Move to the nearest field above this field 
[Down Arrow] ............ Move to the nearest field below this field 
[Home] ........................ Move to the first field in numerical order 
[End] ........................... Move to the last field in numerical order 

To move to another section or access the next data set in a file, use the following keystrokes: 

[Tab1 ............................ Move to the next form section 
[Ctrl][Page Dn] ........... .4ccess the next data set in the file 
[Ctrl][Page Up] ,.,.,,,,,,,Access the previous data set in the file 

To Zoom the section window. use: 

[F5] .............................. Increase the size of the standard section window to the position and 
..................................... size specified in the form specification. Pressing [F5] again, or 

leaving the section, reduces the size to the standard size again. 
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I-- l o  .~c.c.s.,s .' . .. ,~ the strip menu; l~sc the follcviing keystrokes: 

CFII?:, .... . . . , ... . . . . ., , . . . . , , , , go to the sL~ . ip  jllenu 
[Alt] ............................ with any valid Hot Key (i.e. one of those highlighted in the strip 

menu, takes you to that strip menu item) 
Other form keystrokes 11se commands analogous to those used in the U.S. Army Corps of 
Engineers CoBditor which is used by MENU-1. Hence, comrnands like [Shift]F3] clears a field, 
[AltJFlO] saves and quits a form, [Ctrl][FlO] quits a f o m ~  without saving, [F3] deletes a line and 
[F4] inserts a line. 

An extension of the CoEd logic was also made to the commands where [Ctl.l][F3] deletes a data set 
(e.g. set of form data fol. one subbasin) and [Ctrlj[F4] inserts a new data set below the current data 
set. These two commands a e  especially helpful in the Subbasin Preparation and MCUHP forms. 
For more discussiol~ on Subbasin Preparation and MCUHP form keyboard techniques see their 
re,spective sections in section VI. Fundions. 

VII. Functions 

This section discusses each of the menus and menu items in the Drainage Design Menu System. 
Each bold heading reflects a menu name in the DDMS main menu. Subsequent headings are 
primarily menu items available under each main menu. 

Programs 

The Programs menu contains the main programs used by the DDMS in putting together a flood 
hydrology model and its related data. Generally, upon beginning the creation of an HEC-1 model 
using the DDMS each menu item (except Rational) should be performed in the order they appear in 
the menu listing. Normally only one MCUHP option will be used per file family. To select a 
program menu item simply scroll down to the item so that it becomes highlighted and press Enter]. 
The selection of a menu item will cause the DDMS to open a form for entering input to the 
program menu item program selected. The form essentially facilitates the creation of ASCII input 
files i:sed by each of the programs for proper execution. Once a complete set of files has been 
created for a given file fanlily, changes in storm, land use, or soil loss characteristics can easily be 
made and the MCUHP and HEC-1 programs can be rerun to obtain the new results. 

PREFRE 

Whcn selected, the PREFRE menu item loads a form into which the rainfall statistics may be 
en~cred. For each input field the status line at the bottom of the screen provides a short help 

~ ~ w m r m . ' ~ ~ m ~ ~ ~ v ~ ~ :  ~ ~ . ~ ~ . ~ ~ ~ ~ L : . : ~ : - ~ ~ ~ ~ ~ U ~ ~ - R B ~ ~ ~ ~ , ~ ~ X X ~ ~ V V * ~ ~ ~ ~ ~ ~ ~ C " S ~ ~ " ~ ~ L Y I . ~ ~ ~ U ~ W ~  . *-F ~,%V~CW.W 

January 1, 1995 1-9 



DDMS User's Guide 

message reminding the user what do for the current field. For more descriptio~l of the field press 
the [Fl] key. Once all the necessar input fields have been filled in. just save and execute the form 
(or use LAlt][P101) to create the depth-duration-frequency (DDF) table for the study area. The 
PMFRE menu iiem reiurns the user to the PREFRE form after execullon so that the user may 
examine the DDF table before proceeding to the next menu item. Once PREFRE has been iun 
satisfactorily, the user may escape out of the form or qult the form by pressing [Esc] or [Altl-File- 
Quit or [Ctrl][FlO]. For more discussion on the use of the Help or form movement keystrokes see 
section V. Keyboard Techniques. 

Land Types 

The Land Types menu item loads the file family land use table to be used in the Subbasin 
Preparation form for the association of land use types and loss parameter characteristics such as IA, 
RTIMP, and percent vegetation cover. By default, the program uses the land use table shipped with 
the DDMS. However, this should not be construed as a recommendation for the sole use of these 
land use types or associated parameters for every flood hydrology study in Maricopa County. The 
hydrologist is expected to evaluate the land use types and their associated parameters for each flood 
hydrology study. The land use table defined for the current file family will be used for every 
subbasin entered into the Subbasin Preparation form. However: the Subbasin Preparation form 
does allow for exceptions to the file family land use table for any given subbasin. See the Subbasin 
Preparation menu item section below for more discussion. As is the case throughout the DDMS, 
the status line at the bottom of the screen provides a short reminder message as to the nature of the 
contents of each field. Likewise, more help is available for each field by pressing the F l ]  key. 
Once the user is satisfied with the land use types and their associated parameters, the table may be 
saved and the form exited. 

NOTE: Once data from the file family land use table has been merged into the Subbasin 
Preparation form and saved, deleting a land use type from the file fanuly land use table in the Land 
Types form and reentering the Subbasin Preparation form will cause data in the land use section of 
the Subbasin Preparation form to become mismatcl~ed. The reason is that the merge of the land use 
table into the land use section of the Subbasin Preparation form assumes that a given land use type 
(and its associated parameters) occur on the same line in both places. Therefore, it behooves the 
user to determine the land use types to be used for a given study BEFORE the subbasin data is 
entered into the Subbasin Preparation form. This does NOT prevent the user from changing 
parameters for a given land use type after the subbasin data has been entered into the Subbasin 
Preparation form. This is in fact the main purpose and advantage of using this portion of the 
DDMS. If the user does need to add new land use types after data has been entered into the 
Subbasin Preparation form, do so by adding the new types to the bottom of the file family land use 
table using [Crtl-F4] at the end of the table from the Land Types menu item. This will prevent 
mismatches resulting from the merge. 
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Subbssin Prep (Subbasin Preparation) 

'The Subbasin Preparation foim acts in similar fashon to the spreadsheet program previously 
available from the FCDMC. The form starts by op-ning a blank form for the first subbasin data set 
to be entered. Again the form may be navigated using the keyboard techniques describe in section 
V. Keyboard Techniques. Basically, fields within a form section may be inoved into using the 
arrow keys, while each new form section is accessed with the ['Tab] key. Backward movement 
through the form sections may be accomplished with use of [Shift][Tab]. The form sectiotls are 
differentiated by a double-lined boundary. As is the case throughout the DDMS, the status line at 
the bottom of the screen provides a short reminder message as to the nature of the contents of each 
field. More help may be obtained for each field by pressing the P I ]  key. 

Once the first subbasin data set is completed, a new data set can be added by using the insert 
command [Ctrl][F4]. This will create a new blank "spreadsheet" for the next subbasin data set. 
Each new data set or subbasin to be added can be done by use of the insert command [Ctrl][F4]. 
When multiple data sets have been created, the other data sets may be accessed by use of the 
[Crtl][Page Up] and [Crtl][Page Dn] keys. Another method to move between data sets is to move 

: to the Subbasin Name field in the first form section and activate the lookup menu by typing [Alt] 
-(to activate the strip menu) and then L' for the lookup menu. The El01 key may alternatively he 
used lo activate the strip menu. Once the lookup menu has been selected, a long narrow window 
will appear on the right-hand side of the screen containing a list of the data sets for the Subbasin 
Preparation form for the current file family. To move to the desired data set, simply scroll down 
the list to the data set you wish to move to and press [Enter]. 

Calculations resulting from input fields will not be performed until either the user moves the active 
cursor to another form section by tabbing (or Shift-tabbing), or by saving the file ( [Altl-File-Save 
or [Shiftl[FlO] ), or by saving and exiting the file ( [Alt]FlO] or [Altl-File-Save and Execute). 

Custom land use types_ either different land use types or different parameters for a default land use 
type, may be given for any subbasin data set. To designate a given land use type as a custom land 
use simply fill an asterisk ( * ) into the field in the colunln headed by an asterisk. This will prevent 
this line in the data set from automatically being updated from the file family land use table if and 
when new default land use parameters are defined and saved into the file family land use table from 
the Land Types form. By default, all unmarked lines in the land use section of every data set will 
be updated with the new land use table parameters if the land use table is newer than the subhasin 
preparation file when the Subbasin Preparation form is loaded. This allows for easy, quick 
updating or parameter sensitivity analyses of land use related parameter assumptions. For example, 
RTIMP values for any or all land use types could be changed in the Land Types form and saved. 
Then  he Subbasin Preparation form could be loaded to calculate the new average subbasin R T M P  
values for ever). subbasin. Next, MCUHP could be loaded which will mexge the newly calculated 
subba~in RTIMP values into the MCUHP input file. Then by saving and exxuting MCUHP, new 
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suhbasin KK blocks will he generated. Finally, the new KK blocks may he merged into the 
existing HEC- 1 data file by selecting the HEC-1 menu Item from the programs menu. Rerun HEC- 
1 with these new data and compare the results. 

MCUHP 1 and MCUHP2 

The MCUHPl and MCUHP2 menu items behave quite similarly. Essentially these menu items 
load forms which can merge in subbasin data from the subbasin preparation file and create a 
properly formatted MCUHP input file. Upon saving and executing the MCUHP form, MCUHPl 
or MCCHP2 is run with the formatted input file to create an HEC-1 skeleton file. When the HEC-1 
menu item is subsequently selected. the suhhasin KK blocks from the MCUHP created HEC-I 
skeleton file are merged into the existing IGC-1 data file (if one already exists). If no HEC-I data 
file exists, the skeleton file is merged with an empty file to create the new HEC-1 data fde. 

The mechanics of using the MCUHP forms are similar to those of the other DDMS forms. Fields 
in the form sections may be filled in and moved through using the arrow keys. The user may move 
between form sections by use of the [Tab] and [Shift][Tab] keys. Help is available in both the 
status line at the bottom of the screen with additional help found through use of the [Fl] key. 
The MCUHP forms consist of two sections. The first section defines the design storm information, 
while the second section consists of multiple data sets containing the suhhasin parameters to he 
used by the selected MCUHP program. When entering the first section field information, the user 
does not need to fill out the Storm Size field until the suhhasin data sets have been filled into 
section two. Since the design storm size is usually coincident with the total area of all subbasins, 
the user may fill in all subbasin data sets first and then refer to the Total Area field in section one to 
help decide the area value to be placed in the Storm Size field. The Total Area field is taken as the 
sum of all individual subbasin areas from the data sets in section two. Therefore, the Total Area 
field is not "correct" until all subbasin data sets have been completed. 

The second foml section may be completed in a couple of different ways. First, if the user is not 
utilizing the Subhasin Preparation portion, input fields may be entered manually. Once the fvst 
data set is complete, use [Ctrl][F4] to insert a new blank second section for the second data set. 
Repeat this insert process until all data sets have been entered. Then [Shift][Tah] back to section 
one and complete the Storm Size field. Finally, save and execute the form using [Alt][FlO] or 
[Altl-File-Save and Execute. The DDMS will then create a properly formatted MCUHP input file 
and display a window asking to run MCUHP# < FileFamily.M#I. Answering yes to this prompt 
will cause the MCUHP program selected to execute with input taken from the input file created 
with the form. During execution, MCUHP will send information to the screen. Once it has 
finished running, a message will appear saying "Run completed -- press any key to return to menus 
...". Pressing any key will return the user to the Main Menu. Now the user is ready to select the 
HEC-1 menu item from the Programs menu. 

II '"W'm 
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The other method of using the MCUHP forms differs 111 the use of the second form section. If the 
Subbasin Preparation form has been used to calculate the subbasin parameters, the user may move 
to the Subbasin Name field in section two. Then by activating the Lookup menu, [Altl-L, a list of 
the. subbasin data sets available from the Subbasin Preparation file is displayed. Subbasin data sets 
that are to be entered into MCUHP can be selected from the menu by scrolling to the desired data 
set name and pressing [Enter]. Use the [Enter] key to select the data sets to be entered into 
MCUHP. To exit the lookup menu with the selected data sets, use [ A l t ] ~ 1 0 ] .  This will cause the 
selected data sets to be loaded into the MCUHP form section two. Then all that remains to be 
entered by the user in the MCUHP form are the high and low elevations, subbasin length, slope, 
and the UA record type or S-Graph type depending on whether MCLWPI or hfCUHP2 is being 
used. The default loss method is the Green and Ampt method. These parameters will 
automatically be filled into section two when the lookup menu is exitted. If the Initial and Uniform 
Loss method is being used, the Loss Method field must be changed from 1 to 2 and the STRTL and 
CNSTL values entered manually by the user. If the user wishes to have all data sets from the 
Subbasin Preparation file loaded, activate the lookup menu from the Subbasin Name field in the 
blank section two and press [F8]. This will exit the lookup menu and cause all subbasin data sets 
from the Subbasin Preparation file to be loaded into the hfCUHP fonn. 
. . . . ~  ,. 
Once any data sets have been loaded into the MCUHP form, the user may move from one data set 
to another using the [Crtl][Page Up) and [Ctrl][Page Dn] keys or by entering the Subbasin Name 
field in a loaded data set in section two and using the lookup menu. Activating the lookup menu on 
the Subbasin Nane field in a loaded data set will cause DDMS to display a menu of data sets 
already loaded in the MCUHP form. 

If a data set needs to be deleted from the hfCUHP form. move to section two lo the data set to be 
deleted and press [Ctrl]F3]. This will cause the current data set to be deleted from the MCUHP 
form. If a new data set needs to be inserted, move to section two and press [Ctrl][F4]. This will 
cause a blank data set to be inserted. The user may then complete the data set by filling it in 
manually, or if the new data set has a corresponding data set in the Subbasin Preparation file. use 
the lookup menu on the Subbasin Name field to display data sets that have not yet been loaded into 
MCUHP but wluch do exist in Lhe Subbasin Preparation file. 

The order in which data sets appear in the Subbasin Preparatation form or MCUHP form is not 
critical but perhaps helpful. The reason the order is not critical is that the subbasin KK blocks 
created by MCUHP will be merged into the HEC-1 data file in the order in which the KK biocks 
occur in an existing HEC-1 data file. Thus, a "schematic" file may be created and named 
FieFamily.DAT containing the KK records and ids matching thosc used in MCUHP. This will 
cause the MCUHP output KK blocks to be merged into the HEC-1 .DAT file in the order they 
appear in they appear in the HEC-1 data file. However, if no "schematic" is created before the 
merge is performed (by selecting the HEC-1 menu item from the Programs menu), the KK blocks 
from the MCUHP output file will be merged into the empty HEC-1 data file in the order which they 
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occur in the MCUHP output file which is the order they were entered in the MCUHP input form. 

NOTE: The insertion of new data sets in the MCUHP forms occurs after the the current data set 
from which [Ctrl]F4] was pressed. Therefore, the fonn does not allow the user to insert a new 
subbasin data set as the very first data set. The problem this creates is that for the single storm 
option, the precipitation cards for the HEC-1 input file are put into the first subbasin KK block by 
MCUHP. To correct this problem the user could insert the new data set anywhere and then move 
the KK block manually in the resulting HEC-1 input file along with the precipitation cards. If the 
user should desire to insert a new data set as the first data set and avoid the editing of the HEC-1 
input file, the user can edit the FileFarnily.M#I file inserting a block for the new data set within the 
.M#I file. The subbasin data used by MCUHP can then be entered directly into the .M#I file or if 
the Subbasin Preparation form has already been used to enter data for this new first data set, add the 
ID name for the new data set to the "basin name" line in the newly inserted block in the .M#I file 
and save. Then return to the Subbasin Preparation form: save it to update its time stamp, and enter 
the MCUHP form. This should cause the new data set information to be loaded from the Suhbasin 
Preparation file into the MCUHP form as the new first data set. After running the MCUHP 
program, ently to HEC-1 will perform a new merge and the precipitation cards and new first 
suhbasin should be in the correct place. Also, the old first subbasin KK block containing the 
precipitation cards should be updated with the new KK block from the MCUHP output file which 
no longer contains the precipitation cads. 

HEC- 1 

The HEC-1 menu item causes the HEC-1 form to be loaded with the HEC-1 data file 
(FileFamily.DAT). If the MCUI-IP output file is newer than the HEC-1 data file, the MCUHP 
output file KK blocks will be merged into the HEC-I data file by matching KK names in the two 
files. Duplicate KK block ids will cause all but the first KK block with the duplicated id to be 
dropped from the HEC-1 data file. Therefore, the user should follow a convention of unique 
naming of KK blocks both for subbasin blocks as well as any other KK blocks in the HEC- 1 input 
file. In the HEC-1 form, the HEC-1 input may be reviewed to ensure that the merge has taken 
place as expected. 

The form consists of two sections. The first contains the IDS and job control lines. The second 
contains the KK blocks. Each KK block is displayed one at a time much like the data sets in the 
Subbasin Preparation or MCUHP forms. Once the iorm has been loaded and the user is 
comfortable that the merge has taken place correctly. the form may be saved and executed. This 
will cause a window to appear which asks if the HEC-1 data file should be saved as merged and 
whether to start MENUl. Answering yes to this window will save the merged file as 
FileFamily.DAT and start MENUl with the input, output and DSS files already defined for the 
current file family. From MENUl the input file may be edited, run, and displayed as normal in 
M E W 1 .  The only exception is that MENUl selection number 5, Exit to DOS, will return the user 

January 1, 1995 1-14 



The Rational menu item in the Prograrns menu will cause a form to be loaded into which data is 
entered for the FCDMC RATIONAL.EXE program. Again the form serves to facilitate input to the 
program and in addition to the previous use of RATIONAL.EXE, program input and output may be 
saved to a file. The primary limitation in the DDMS implementation of the RATIONAL program 
is that only one RATIONAL data set may be defined per file family. The Rational form may be 
navigated similarly to other fonl~s in the DDMS. 

Reports 

The Reports menu from the DDMS Main Menu contains two categories of reports which may be 
generated from DDMS files. One set is for input sumnary reports and the other provides reports 
from ITEC-1 output. In order for the output reports to function properly, HEC-1 must have been 
run a1 output level 3. Each report menu item when selected will open a form which will load data 
frcim the appropriate input or output file and display that infonnation in the form. The user may 
either review the data in the form or save and execute the form which will cause an ASCII report 
file to be generated. These repolt files may then be viewed or printed f ~ o m  the DDMS or loaded 
into the user's favorite word processor to be included in their flood hydrology study report. 

Input Summaries 

Selecting the Input Summaries menu iten1 activates a submenu which contains various reports 
which may be generated from the Subbasin Preparation and MCUHP input files. 

Suhbasin Summary 

The Subbasin Summary repolt produces an ASCII file which contains a report for each subbasin of 
the da:a entered in the Subbasin Preparation foim. The report format is similar to that produced by 
the previously available FCDMC Loss Parameter Spreadsheet. 
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MCUHPl Summary 

The MCUHPl Summary report produces an ASCLI file which contains a columnar summary of the 
subbasin names, areas, loss parameters. and calculated Tc and R parameters for the Clark Unit 
Hydrograph method. 

MCUHP2 Summary 

The MCUHP2 Summary report produces an ASCII file which contains a columnar summary of the 
subbasin names, areas, loss parameters, and subbasin lag time. 

MCUHP2 Lag Time Summaly 

The MCUHP2 Lag Time Summary report produces an ASCII file which contains a columnar 
summary of the subbasin names, S-Graph type, length. Lca, Kn, slope, and lag times for each 
subbasin entered in the MCUHP2 form. 

Output Extract 

The Output Extract reports work just like the Input Summaries except that the reports are taken 
from the HEC-1 output file. Again, the repolis assume that HEC-1 has been nin with output level 3 
defined on the I 0  record. 

Discharge Report 

The discharge report produces an ASCII file which contains a columnar sumnlary of KK names, 
rainiall, losses, rainfall excess, peak discharge, Lime to peak discharge, volume of runoff, and area. 
The default file extension for the discharge report is .DIS. 

JD Discharge Report 

The JD discharge report produces an ASCII fiie containing a summary of discharge and related 
results for an HEC-I run using the JD multiple storm option. The default file extension for the JD 
discharge report is .JD. 

Unit Hydrograph Volume Report 

The unit hydrograph volume report pmduces an ASCll file which contains a columnar summary of 
subbasin names and unit hydrograph volumes from HEC-1 output files which have used MCUHP2 
to generate UI records for unit hydrographs. The default file extension for the unit hydrograph 
volume report is .RUV. 
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I?'nit Hydrograph Report 

The unit hydrograph report produces an ASCII file which contains a summary of subbasin names 
and unit hydrograph volumes as well as the UI records used as the unit hydrographs for each 
subbasin. Like the unit hydrograph volume report, the IEC-1 output files must have used 
MCUHP? to generate the UI records for unit hydrographs. The default file extension for the unit 
hydrograph report is .RUI. 

Kinematic Wave Stream Routing Report 

The Kinematic wave stream routing report produces an ASCII file which contains a sunmary of 
Kinematic wave routing parameters used in channel routings in a level 3 1-EC-1 output file. The 
default file extension is .RRW. 

Storage Routing Reports 

The storage routing reports produce ASCII files which contain summaries of the various storage 
routings used in a level 3 HEC-1 output file. The form will create separate report files for four 
different types of storage routings. One, storage reservoir routings using SV records (default file 
extension .RTS); two, storage reservoir routings using SA and SE records (default file extension 
.SAE); three, storage reservoir routings using the spillway option (default file extension .SPW; and 
f o ~ r ,  Normal Depth channel storage routings (default file extension .RND). Upon saving and 
executing this report form, the program will ask the user whether each of the four files should be 
written out. Use the summary of the number of KK blocks found containing each of the various 
report types in the first form section as a guide to deciding which files to write. 

Muskingum-Cunge Reports 

The Muskingum-Cunge reports produce ASCII files which contain summaries of the routing 
parameters used in the channel routings using the Muskingum-Cunge routing method. The f o ~ m  
will create separate report files for Muskingum-Cunge routings using the RD record alone and 
those using the RC, RX, RY option. The default file extension for the RD only report is .RMC 
while the file extension for the RC, RX. RY option is .RMD. 

Diversion Report 

The diversion report produces an ASCII file which contains a summary of diversions in a level 3 
EEC-1 output file. The default file extension for the diversion report is .RDV. 
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Hydrograph Combination Report 

The hydrograph combination repoit produces an ASCII file which contains a columnar summarv of 
hydrograph combination KIC ids, number of hydrographs combined, peak discharge, time to peak 
discharge, volume of runoff, and area. The default file extension for the hydrograph combination 
report is .RHC. 

Clark Subbasin Report 

The Clark Subbasin report generates a report for each subbasin using the Clark Unit Hydrograph 
method. The report contains Tc and R and the UA array for each subbasin using the Clark method 
in the HEC-1 output file. The default file extension for the Clark subbasin report is .RCK. 

Rational Report 

The Rational Report menu item opens a form which when saved and executed produces an ASCII 
report file summarizing the input and output from a rational analysis for the culrent file family. 
The default file extension for the Rational Report generated by this form is .RTR. 

The Utilities menu provides access to several commonly used programs whiz2 can be ustd in 
conjuction with the DDMS to improve its overall use. 

Editor 

The Editor menu item provides access to the editor defined under the Options menu as the default 
editor. As shipped, the Editor menu item uses the DOS editor EDIT. When the Editor menu item 
is selected, a form is loaded into which the filenanie of the file to be edited should be entered. A 
lookup menu is also accessable by use of the [Altl-L keys. The lookup menu allows the user to 
select the file to be edited from the menu. Exiting from the DOS editor returns the user to the main 
menu. 

The CoEditor menu item behaves similarly to the Editor menu item except that the U.S. Army 
Corps of Engineers' CoEditor is invoked rather than the DOS editor once the file to be edited has 
been defined by the user. 

List File 

* * ~ W ~ A # f l W S ~ ~  ~ W W ~ v ~ t ~ W ~ V ~ ~ X A v ~ # B . n I . ~ X L 1 6 ~ ~ " ~ Y % I L " - I  x * S : * S * S & ! ~ S B ~ - * A . ~ % ~ ~ S : Z . ~ ~ . S ~ ~  
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The List File me1111 item wurks like the ott~er Utilities menu items except that the LIST.COM 
pr0gril.m is used to open up the sclected file for viewing. The LIST.COM program is the same 
program used by 1 in its display option nunlber 4. 

Print 

The Print inenu ile~rl asks for a file to be printed which can be looked up using the lookup menu to 
select the file LO be printed. Once the file is defined, the Print menu item sends the selected file to 
the port defined in the Options form using the print command also defined in the Options form. By 
default the DDMS uses the DOS P R N T  command and sends the file to LPT1. 

Family 

About File Families 

' T h e  ~ i l e  Family concept is an important concept used by the DDMS in managing the files 
generated by the various forms. It is important that the user of the DDMS understands the idea of 
File Families to take greatest advantage of the DDMS. The File Family refers to the name given to 
all files related to a given set of analyses using the DDMS. The File Family name is used as the 
first part of the DOS filename given to ever)' file generated with the DDMS while the current File 
Family remains the same. The files associated with the various DDMS functions are differentiated 
by the DOS file extensions assigned by the DDMS forms. For example, if a new file family is 
named STUDY1, then every file generated by the DDMS while this file family is the current file 
family (which is always displayed in the top status line of the DDMS) will be given the name 
STUDY1,extension where the extension provides the unique filename identifier. Therefore, the 
PREFRE input and output files will become STUDY 1.PFl and STUDY 1 .PFO respectively. 
Likewise, the Subbasin Preparation file is called STUDY1.SUB and the MClJHPl files 
STUDY 1.MlI and STUDYl.MI0: and so forth. Reporl file names are assigned similarly 
differentiated only by the file extension. This file naming convention using the File Family concept 
allows the File Family Copy, Delete, Archive, etc, functions to find all the files associated with the 
curent file family very easily and neatly. This also allows the user to easily identify files 
associated with a given analysis. 

Caution should be taken however when examining various storm or parameter assumptions and 
rerunning various portions of the analysis An example would be when the hydrologist wishes to 
compare the results of the 6-hour stom1 with the 24-hour storm. If the storm information in 
MCUHP is modified and rerun without changing the file family name. the files associated with the 
first storm will be overwritten. To avoid this mistake, use the File Family Copy command to copy 
all the files to a new file family name and then perform the analysis using the new design storm 
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inforlnation. Then the two sets of output files or report files can be compared without the danger of 
overuviting files the user intended to keep. Prudent use of the File Family naming convention and 
a little forethought can prevent unwanted rework. However. the ease with which the DDMS allows 
for these types of changes also means inadvertant mistakes can be quickly and easily performed. 

Nevi 

The New File Family menu item establishes a new file family. When selected, a form will appear 
where the user should fill in the name of the new file family to establish. Saving and executing the 
form with the new file family name creates a default land use table for the new file family 
(FileFamily.LDF) and changes the status line to show the new file family as the current file family. 
Single field forms like the New Family form may be saved and executed by use of the [Enter] key 
alone. The Options form is also updated to reflect the change to a new file family. The new file 
family may be created in a directory other than the cuirent working directory. If the new file family 
is created in a directory other than the current working directory. the current working directory will 
also be changed. However, the directory must exist first for this to work. 

Move to 

Ihe Movc to menu item allows the user to move to an existing fde family from the current (or 
blank) file family. The lookup menu may be used to select a file from the file family to be moved 
to. File extensions will be ignored using this selection process. Again since the Move to form is a 
single field form, saving and executing may be accomplished by use of the [Enter] key or by use of 
[Alt] [F 101. 

Move 

The Move menu item performs a renaming of the current file family to a new family name (and 
working directo~y if so specified). Since this form is a n~ultiple field form. saving and executing 
the form must be performed using [Altl-File-Save and Execute or [Alt][F10]. Saving and executing 
the Move form will cause the DDMS to copy the current file family to the newly specified file 
family name and delete the current file family. In addition, the DDMS will change the current file 
family to be the newly defined file family. 

The Copy menu item does just that. It makes a copy of the current file family to the newly 
specified file family name and changes the current file family to the new file family name. 
Delete 

The Delete menu item can be used to delete an entire file family or just certain specified files within 
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chc file fmuly. Tne lookup nenu can be used to seiect a file from the file fanuly to be deleted. 
Pressing [Enter] will activate another men31 window from u~llich the files to be deleted can be 
se!-ctetl in a mallner similar to the multipie selection menus used in the Subbasin Preparation and 
MCT.IHI' forms. When this second menu apl~ea-s all files beginning with the file family name will 
b? listed and highlighted. If all highlighted files are to be deleted, saving and executing the form 
will cause the delete to be pel-formed. If certain files are not to be deleted, scroil down to those files 
one ;it a time and press [Enter] to unrelect them from the list of files to be deleted. Saving and 
executing will then delete only the highlighted files. 

Archive 

The File Family Archive menu item, by default, assumes the use of the PKZIP utility to compress 
all current file family files into one zip file called FileFamily.ZIP (or whatever extension is defined 
as the archive extension in the Options form. The archive menu item creates the archive file but 
docs not delete the uncompressed files. To delete the uncompressed copies use the File Family 
Deletc menu item. The .ZIP file will not be deleted using the Delete function unless it is 
specifically highlighted in the delete list. By default the .ZIP file will not automatically be 
highlighted. However, if the default archive tile extension is changed in the Options form, ihe .ZIP 
files will be highlighted automatically but files ending with the archive extension defined in the 
Options form will not automatically be highlighted. 

If a compression utility other than PKZIP is to be used, the FAMARCH.FRM ASCII file in the 
control directory (C:\HECEXE\CONTROL by default) must be changed. The COMMAND line 
must be altered to contain the new compression utility to be used along with the proper syntax fol. 
tlie use of the new command. The existing COMMAND line may be used as a guide. 

Retrieve 

'T'bc File Family Retrieve menu item. by default, uncompresses an archive file using the PKCTNZIP 
utiiily. Upon finishing the uncompression. the DDMS returns the user to the main menu with the 
uncompressed file family as the current file family. Use of an uncompression utility other than 
!-'i(U?JZIP will require a change to the COMMAND line in the FAMRETR.FRM similar to the 
change needed for the archive form. 
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Options 

The Options menu item contains only one submenu itzm. Chammge Control Parameters 

Change Control Parameters 

The Change Control Parameters form, sometimes referred to elsewhere in this document simply as 
the Options form, contains the definitions which control many DDMS functions and display 
appearances. The fields in the Change Control Parameters form all have additional help which 
explains the purpose and use of each of the fields. The current file family may be changed from 
this form. Changing the current file family in this form is equivalent to the Move to function on the 
Family menu. The Change Control Parameters form also contains fields for changing the control 
directory and for providing an alternate control directory. The control directory will only need to 
be changed if the DDMS is installed to a drive andlor directory different than 
C:\HECEXE\CONTROL. The alternate control directory may be used to store customized menus, 
forms, or other default files. The colors used for any of the various menus and forms may be 
changed in the Change Control Parameters form as well. The list of possible colors for each 
display type field may be accessed by use of the lookup menu or by toggling through the list using 
the [Page Up] and [Page DII] keys. Color combinations which cause text not to be seen etc. are not 
allowed. The DDMS will prompt the user with an appropriate error should the user select an 
unallowable color comnbination. Finally, the Change Control Parameters form contains fields which 
define the default strings for use in the Editor, Print, and Archive functions discussed elsewhere. 

Help 

The Help menu item provides access to a list of help topics which discuss the use of various DDMS 
functions. To access the list simply select the help menu, then select the Help Index. 

Help Index 

The Help Index is a list of help topics available in the DDMS. These are in addition Lo the field 
help for each field in evely form. To view a help topic simply scroll to the help item of interest and 
press [Enter]. 
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Tlie roai?.~ nleiiu Exi: i t c~n  provides :\vo types of exiring from ttrc JIDMS 

Quit 

'The Qui t  ITKIU item qu?~s the DDMS aitogether and returns the user to the startup directoly in 
DOS. 

Exit to DOS 

The Exit to DOS menu i tan dumps tbe user otit io i l0S  to perfonn any DOS functions desired. To 
return to the DDMS type EYJT and [Enter] iiom the DOS prompt. 

VIlI. E m r  Messages 

The DDMS will display error messages in red boxes. Most of these errors are self explanatory and 
relate to form data entiy miistakes or omissions. Press [Esc] to clear any error message. If the error 
is a data entry problem the DDMS should return the user to the offending field. One common error 
message the user will see is the "No control file found. Use default. C:\HECEXE\DDMS.CTL". 
This message siinply means that the startup directory does not already contain a DDMS.CTL 
cal~trol file. The program then copies the default control file into the startup directory. 

IX. Who to Call 

If the ilser should encounter prohle~ns associated with the use of the DDMS or should the user have 
;my constructive iuggestious, please contact Ted Lehman at the Flood Control District of Maricopa 
County, 506 - 1501.506 - 4601 FAX, 2801 W. Durmgo Street. Phoenix, Az 85009. 
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X. Sample Problems 

Tie following sample problems x e  provided to help get the new user of DDMS up to speed more 
qu~ckly. The sample problems follow the procedure outlined in the accompanying flow chart. The 
figure to the light is a representation 

-- 

of the watershedis) used in the I -7 , , 

sample problems. Subbasin 4 is 
used in Sample Problems #3 and 
#4. 

Samule Problem #1 

1) From DOS create a new 
directoiy in which to run the 
sample problem. 

I 

2) Change to the new directow Not to scale 
and start DDMS by typing 
DDMS from the DOS 
prompt. 

3) Define a new file family by using the m o w  keys to move over to the Family nlenu item or 
by pressing the letter 'a'. Once the Family menu is activated use the arrow keys to move 
down to New Family and press [Enter] or press the letter 'N' to select the New Family menu 
item. A new "window" should appear into which the user should type in the name of the 
new file family, say SAA4PLEI. Press enter to create the new file family or alternately use 
[Alt-F1 01. 

4) Next, select the Programs menu item from the main menu by using the arrow keys to move 
over to it or pressing the letter 'P'. 

5 )  Select the PREFRE menu item from the Programs menu by using the arrow keys to move 
down to the PREFRE line and pressing [Enter] or pressing the letter P'. A new empty form 
will appear for entry of the input data necessaly for PREFRE. Complete the form with the 
following point rainfall data. Use the [Tab] and [Shift-Tab] to move from one form section 
to the next. For help on any given field refer to the status line at the bottom of the screen or 
press P I ]  for more help. 
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/ /  Point rainfall data for PREFRE for Sample  problem^ #I  I/ 
- - 

I- Frequency 6-hour 24;: -] 
I 11 2-year 

I 

Once the form has been filled out, save and execute PREFRE by pressing [Alt-FlO] or Alt- 
File-Save and Execute, DDMS will retum the user to the PREFRE f o m ~  to review the 
output which is displayed in the third fornl section. If the program appears to have executed 
successfully, quit the PREFRE form by pressing [Esc], [Ctrl-FlO], or Alt-File-Quit. 

6 )  Next select the Land Types menu item from the Programs menu. This will cause the 
default land use table to be displayed. At this polnt the user could modify the land use 
defaults as desired for the study being undertaken. However, for the purposes of this 
sample, simply save and execute the form without making any changes. 

7) Select the Subbasin Preparation menu item from the Programs menu. Use the following 
data to complete the form. Once the first subbasin data has beeri entered: press [Ctrl-F4] to 
insert a blank foml for entq  of the second subbasin data set. Repeat for the third subbasin. 
Once the data for all three subbasins has been entered, save and execute the Subbasjn 
Preparation form by pressing [Alt-FlO] or At-File-Save and Execute. 

Special points to be noted in the data ently process: Fixst, remember that the ability of 
DDMS to transfer data from one program file to the next depends on the subbasin ID. 
Therefore, chose a format (such as all caps) to ensure proper data transfer. Second, toggle 
and lookui~ menus have been added to many fields to facilitate the data entq  process. 
Fields with available toggle or lookup menus should be labelled as such in the status line 
shown at the bottom of the screen when the field is active (i.e. the cursor is located in the 
field). Toggle menus can be toggled through by using the [PageUp] and [PageDn] keys. 
Finally, to move from one subbasin data set to another use [Ctrl-PageUp] and [Ctrl- 
PageDn]. 
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Subbasin Preparation Data for Sample Problem #1 I/ 
11 Soil Data 11 

SUB 1 

Map Unit I Area (mi') 

Soil Survey = AguilaICarefree 

SUB2 SUB3 

Area (mi2) 

Percent Effectiveness for Rock Outcrop = 50 % 

Land Use Data 11 

8) Select MCUHPl from the Programs menu. The frst field is optional but may be used to 
enter some helpful descriptive information. This information is written to an ID record in 
the HEC-1 data file. 

Move to the second field and select the single storm option (1). 

1 l ~ s e  Type Area (mi') Llnd Use Type Area (mi3 Land Gse Type Area (mi3 

Skip the storm size field and move to the storm duration field. The storm size can be filled 
in later once the subbasin data has been entered. For the purposes of Sample Problem #1, 
select the 6-hour storm duration (1). This can be accomplished by typing a 1 into the field 
or by use of the toggle menu using the pageup] and [PageDn] keys. 
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1.33 1 0.114 

0 . 0 6  

Desert 
- 

Desert 0.5 - L.D.R. 

Conlmercial 



Move io the point rainfall depth field. Kse the lookup menu to select the 100-year 6-hour 
point rainfall depth. To accon~plish this press AIt-L to activate the lookup menu. Then 
axow across to the 100-yeat depth and press enter to place this value into the M C U W l  
form field. 

Tab to the second form section. Once in the subbasin name field, activate the lookup menu 
with Alt-L. A small menu should appear containing the names of the subbasins entered into 
the Subbasin Preparation form (i.e. for Sample Problem #1 the subbasin names in the menu 
should be SUB 1, SLB2. and SUB3). Press FS to load the data from all subbasins into the 
MCUHP form. Alternately, each subbasin name may be selected (it will become 
highlighted) by pressing the [Enter] key on each subbasin name and then use [Alt-FlO] to 
exit the lookup menu and load the selected subbasin data sets into the MCUHP f o m ~ .  The 
pertinent data from the Subbasin Preparation file should now be loaded into the MCUHPl 
form. This may be checked by scrolling through the subbasin data sets using the [Ctrl- 
PageUp] and [Ctrl-PageDn] keys. Also the counter at the bottom left corner of the second 
form section should read "Set # of 3" where # i s  the number of the data set currently active. 
This # should change as the user scrolls between data sets. .~ 

Complete the remaining fields in the second form section for each subbasin data set using 
the followmg data. 

Additional Subbasin Data for MCUHP1 11 

/ /  Length 1 2.37 miles 1 1.7 miles I 0.76 miles 11 

Once these data have been entered, [Shft-Tab] back to section one and move to the storm 
slze field. Consult the Total Area field to select the storm size. The sform size field t&es 
the area to the nearest square mile. The user may enter a dec~nlal value, but it will be 
rounded to the nearest whole square mile. 

When all data have been entered, save and execute the form. If all required data has not 
been entered DDMS should give a red error message stating that some required data has not 
heen entered. DDMS will then retuin the user to the missing field. Complete the missing 
field and save and execute again. A small "window" should appear at the bottom of the 
screen asking if it is okay to run MCUHPI < FileFamily.Ml1. Answer yes to this prompt 
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Lo run MCUHPl using an input file created from the data entered into the MCUHPl form. 
,VCUHPl will then echo some information to the screen as it runs. Once it has completed, 
a line will appear asking the user to press any key to continue. Doing so will return the user 
to DDMS. 

9) Select HEC-1 from the Programs menu. This will cause the MCUHPl output file to be 
merged with the HEC-1 data file (if one already exists). In this case. no HEC-1 data file 
exists. so the MCUHPl output file is merged into an empty HEC-1 data file. The HEC-1 
data file may be reviewed in the form to confirm that MCUHP ran correctly and that the 
merge was performed as expected. The HEC-1 form consists of two sections. The first 
section contains the ID records and the IT and I 0  records along with any conlrnent lines 
added to the file. To enter the second section use thc [Tab] key. In the second section each 
HEC-1 KK block is treated as a data set. To move between data sets in the second section 
use the [Ctrl-PageUp] and [Ctrl-PageDn] keys. 

To save the merge and start MENU1, save and execute the HEC-1 form using [Alt-FlO] or 
Alt-File-Save and Execute. Another small "window" shouldappear asking-if it is okay to 
run h N U 1 .  Answering yes to this prompt will start MENU1 with the FileFamily.DAT 
file already selected as the input file. 

10) Once in MENU1, select option 2 (Create or edit input filej. For the purposes of Sample 
Problem #1 change the output level to level 3 and add the following routing and 
combination data to the input file. The "DIAGRAM option may also be added to provide 
an HEC-1 created diagram of the model if desired. 

Combine runoff hydrographs for subbasins SUB 1 and SUB2. 

KK HC2 
KM COMBINE HYDROGRAPHS FROM S U E 1  AWD SUE2 
HC 2 

Route the combined hydrographs 

KK R 2 - 3  
KM ROUTE HYDROGRAPH HC2 THROUGH SUB3 
R S  1 FLOW -1 
RC 0 . 0 3 0  0 . 0 1 5  0 . 0 3 0  4 0 0 0  0 . 0 3 7 3  
RX 0 0 1 0  1 0  4 0  4 0 5 0  5 0  
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Combme the ioutrd hydrograph from M2-3 wlth ihe rilnoff hydrograph frsm SUB3 

KK HC3 
KM COMBINE XYDROGRAPH R2- : vJITlI IIUtiOFF HYDHOC:.aPH FROM ST723 
HC 2 

Route the combine flow through the fcllowing reservoir 

KM RESERVCICIR ROUTING 
R S  1 STOR 0 

Once these chang~s  and additions have been made save the file and run HEC-I. Wheri 
YEC-1 has finished running successfully, exit MENUl to return to DDMS. 

1 !) Select the Output Extracts menu item froin theReports inenu.on themainmenu. Select 
the Discharge report from the Output Extracts submenu. A form will load with data 
retrieved froin the HEC-1 level three output file. Save and execute the report form to 
create the ASCII report file. DDMS will then return the user to the main menu. 

L2) To view the report file created, select List File froin the Utilities menu. The List File 
menu item uses the LIST.COM program used by MENUl to view files. In the "window" 
that opens, use the lookup menu to see a list of file family files for Sample Problem #l .  
Scroll down Lo the FileFamily.DIS file, press [Enter] to select this file. Then press 
[Enter) axain to view the file. Another small "window" will appear asking if the user 
really wants to view the selected file. Answer yes to view the report file. 

13) Experiment with other reports as desired. 

Sample Problem #2 - 

Sample Problem #2 modifies Sample Problem #1 to demonstrate the quick, simple manner in 
which a file family can be modified and the effects of the changes can be implemented and 
evaluated. 

1) Copy the Sample Problem #1 file family to a new file family name using the Copy 
function on the Family menu. To accomplish this properly. start with Sample Problem #I 
as the current file family. Select the family copy function from the Family menu. A 
window will appear containing two lines.' The first should contain the path and file 

~ x ~ ~ " # r w m ~ ~ ~ ~ ~ m w ~ ~ ~ , : * < ~ a ~ A ~ ~ ~ ~ ~ ~ ~ ~ ~ r 4 ~ a , ~ ~ 7 a v P " ~ ~ - ~ ~ . ~  ~ ~ + : ' ~ ~ ? ~ * x 4 ~ ~ ~ ~ & ~ x ~ ~ ~ 6 Y ~ ~ r ~ ~ ~ ~ * 4 " & r ~ ~ > % , ~ ~ x ~ ~ 7 ~ ~ ~ ? : : , w , , ~ , ~ ~ z ~ - > ~ ~ ~ ~ ~ ~ < ~ & ~ r ~ ~ ~  
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family name for Sample Problem #l .  in the second line enter a new file family name for 
Sample Problem #2 (such as SAMPLE2). 'To perform the copy, save and execute the 
form using [Alt-FlO]. DDMS will perform a DOS copy command of the first file family 
(e.g. SAMPLEl.") to the second file f m l y  name (e.g. SAMPLE'.*). Once the copy is 
complete, the user will be returned to the DDMS main menu with the newly defined file 
family as the new current file family. 

2) Select Land Types from the Programs menu. Change the DTHETA condition for the 
Desert and OPEN land use categories from NORMAL to DRY. This may be most easily 
accomplished using the toggle menu (i.e. [PageUp] and [PageDn]). Also change the 
RTIMP value for the Commercial category from 80 lo 85 percent. Save and execute the 
file to record these changes into the Sample Problem if2 land use table. 

3) Select Subbasin Preparation from the Programs menu. This will merge the new land use 
table with the changed DTHETA and RTIMP values into the existing subbasin data sets 
and recalculate the subbasin average parameters. The merge and recalculation may be 
verified by looking through the land use section of the form for each dataset. Save and 
execute the form to record the new values. 

4) Select MCUHPl from the Programs menu. This will merge the new data from the 
Subbasin Preparation file into the MCUHPl form. Again the merge may be verified by 
looking at the subbasin data set information displayed in the form. Save and execute the 
MCUHPl form and run MCUHPl (i.e. answer yes to the prompt in the blue window 
asking if it is okay to execute MCUHPl < SAMPLE2.MlI). 

5j Upon returning to DDMS, select HEC-1 from the Programs menu. 'This will merge the 
new subbasin KK blocks from the new MCUHPl output file into the existing HEC-1 data 
file. Confirm the success of the merge in the HEC-1 form. The new subbasin KK blocks 
from the MCUHPl output file should have replaced the old blocks from SAMPLE1. The 
asterisk line preceeding each subbasin KK block should now read "Updated". The 
routing and combinatioil blocks should remain unaffected. The asterisk lines preceeding 
these KK blocks should read "Preservedu. Save and execute the HEC-1 form and run 
MENU 1. 

Once in MENU1 run the newly updated HEC-I file and return to DDMS 

6) Run the Discharge Report from the Output Extracts submenu of the Reports menu. 

7) List the new discharge report (SAMPLE2.DIS) and compare with the Sample Problem #1 
results. 
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$e:iil:lLc Problem #:3 

S;imp!e Probiem #3 dernonstrstes how a new subbasirl data set nxiy be added to an existing rile 
h~nii:v. to create a nrw HEC-I :nodel. For die purposes of this exa:nple, this new rnodel will be 
j!ui iogether as a nzw file fanlily. However, the same process could be applied to modify an 
existing file farniiy witho~lt c~ -~a t ing  a new file family. This sa~nple problem will also 
decionstrate how to cnwre that tile new suhhasin can be placed into the desired location in the 
HFiii_. 1 33ta file independent of the order in which rhe data sets occur in the Suhbasin Preparatiou 
file or :LI<:UFlP file. 

1 )  Copy tke Sample Problem #2 file family to a new file family name (such as SAMPIE3). 

2 )  Select u t b a s i n  Preparation from the Programs menu. Once the forri has loaded, use 
[Crtl-F4] to insert a space for the new subbasin. At this point it is not required that the 
insert he perforined in the logical place where the new subbasin belongs. However, the 
user may chose to insert the new subbasin in its "correct" place for other reasons [snch as 
the preservation of the nilnlerical order of the basins in the Subbasin Preparation file or 
the MCUHP filz). For the purposes of this example the new subbasin will logically occur 
after the reservoir {outing and will be called SUB4. However, in order to demonstrate the 
capablili~ies of the DDMS merge func~.ions, insert the new subbasin in the Subbasin 
Preparation form from the data set for SUB1. 

Comple~rt rhe new subbasin data set with the following information 
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Save and execute the Subbasin Preparation form to save the newly added data set into the 
Subbasin Preparation file. 

3) Select the CoEditor from the Utilities mnenu. In the file to edit field enter 
SAMPLE3.DAT. In the CoEditor, go to the end of the file. Insert a line immediately 
prior to the ZZ record. On this line add "KK SUB4" where the string SUB4 starts in the 
fifth column (i.e. so that is aligned as it would be if the user tabbed to the first field on the 
KK line in the CoEditor in MENUI). The placement of this line in this position in the 
HEC-1 data file will cause the data set KK block for SUB4 to be loaded in this location. 
Save the file and return to DDMS. 

4) Select MCUHPl from the Programs mnenu. Tab to the second form section. Again to 
demonstrate the independence of location in the merge capability, [Crtl-PageDn] to the 
second data set and insert a space for the new data set using [Ctrl-F4]. Once the blank 
space has been inserted, use the lookup menu on the subbasin name field to display the 
data sets in the Subbasin Preparation file which have not yet been added to the MCUHP 
file. The lookup menu should contain SUB4. To load the data for SUB4 into the 
MCUHP1 form press [Enter] to select the data set and then [Alt-FIO] to exit the lookup 
menu and perfoim the load. 
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~,,~:::~~,!clc til- dw:~ c i  i::: ST-iB! c2-,irli tile k,!iowing data. 

i 1 A~ldilional Subbasin MCIIIHPI Data for 1JB-I  I/ 

0.68 miles 

LiA 

Once these data have been added to the data set for SL;Bfl, [Shift-Tab] to the first forrn 
section and modify the storm siz,e field based on the new total area. 

Save and execute MCUHPI 

5) Select HEC-1 frcjm the Pmgranis menu. This will cause the MCCTHPl output file to be 
merged with the existing HEC-1 data file. In order for the merge to occur the MCUIHP 
output filz must be newer than ihe HEC-1 data file. If (he HEC-1 file is newer than the 
MCUHP file then no merge is performed. This would be the case if the addition of the 
new KK line to ths HEC-1 data file had been performed after step 4. If this should occur, 
simply rerun MCUHP to create an output file newer than the HEC-1 data file. Verify that 
the KK block for SUB4 has been added as the last data set. Save and execrlte the HEC-1 
form and run MENU1. 

Once in MENU1, edit the input file to add the following KK block to combine the runoff 
frorn SUB4 ~11th the outflow from RR3. 

KK HC4 
:XM COMBINE RUPJOF" FROM SUBBASIN 4 WITH XOUTED KESER;IOIR OUTFLOW 
HC 2 

Save the file. run HEC-1, and rerura to DDMS 

J )  Run the Discharge Report to see the effects of the addition of SUB4 to the txodel. 
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Samule Problem #4 

Sample Problem #4 denionstrates the easc xith which di!':e:-enr rainfall durations can be 
exanlined with DDMS . 

I )  Copy the file family ior Sarriple Problan ri3 to a new i ~ l e  iamly name (such as 
SAMPLE4). 

2) Select MCUHP1 from the Programs menu. In the first form section move to the storm 
duration field. Change this field to select the 24-hour storm (3) and press [Enter]. Notice 
how the areal reduction factor has been fillcd in auton~atically based on the storm size 
field. Next move to the storm depth field. Use the lookup menu to select the 100-year 
24-hour storm depth. Once the 24-hour depth hzs been selected and rhe lookup menu 
exitted, save and execute MCUHP1 

3) Select HEC-1 from the Programs menu. Venfy the merge then save and execute the 
HEC-1 form and run MENU1. Run HEC-I and return to DDMS. 

4) Run the Discharge report and compare the iesulls to the ti-hour storm (e.g. 
SAMPLE3.DE,. 
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XII. Fortrao Prograns:MCUHPl and MCUHP2 

Maricopa County Unit Hydrograph Procedures 1 and 2_ Programs MCUHPl and MCUHP2, 
were developed to facilitate the use of the methodologies outlined in the Drairiage Design. 
Marzualfor Maricopa County, Volume I. Hydrology. They are provided along with the Drainage 
Design Menu System (DDMS). However, it is not required that they be run exclusively in 
conjunction with the DDMS. Both MCUHPl and MCUHP2 may be run independently from the 
DDMS by typing MCUHPl or MCUHP2 from the DOS prompt. Both programs are installed by 
the DDMS installation program into the C:WCEXE directory by default. 

MCUHPl provides the necessary parameters for the Clark Unit Hydrograph option of HEC-1. 
These parameters include time of concentration, Tc, and the storage coefficient, R. In addition, 
the program also provides a rainfall distribution pattern. MCUHPl will provide all of the 
required information in the form of a HEC- 1 input file for immediate application. 

MCUHP2 provides the required parameters when working with the S-graph techniques as 
outlined in this manual. MCUHP2 develops the necessary basin unit graph from the indicated 
S-graph. It will also provide the required rainfall distribution pattern. All calculations will be 
provided in the form of a HEC-1 input i ~ l e  for immediate application. MCUHP2 has been 
revised for the October 1 ,  1994 Manual to include the two new S-graphs. DesertRangeland and 
Agricultural, as S-graph choices in the program. 

Both MCUHPl and MCUHP2 contain corrected temporal distributions for the SCS Type I1 24- 
hour design storm. Also, the programs write this distribution to the HEC-I input file as 15 
minute distributions rather than the 30 minute increment used in the earlier versions of MCUHPl 
md MCUHP2. 

The user is encouraged to read the Draiiiage Design Marzual, I/olurne I, Hydrology before using 
these programs. Follow these directions to run MCUHPl and MCUHP2 independent from 
DDMS: 

If using the Clark Unit Hydrograph method, type MCUHPl. If using the S-graph 
method, type MCUHP2. Respond to each prompt with the appropriate information. 
Remember that in either case, a HEC-1 file will be built for your immediate use. 

The constructed input file can be viewed or edited as desired like any other HEC-1 file 
All you need to do is to go to your MENU1 of HEC-1 and recall your input file. 

~ . - w ~ ~ ~ < ~ ~ ~ ~ ~ ~ > ~ * : a : * > . * * ' . ' h ~ . ; ~ ~ ~ * % ~ ~  
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e ~ t h e r  n b l o ~ k  or  o c o m m a ,  i ~ n d  n n  e r r t r y  i.s r e q u i r e r l  f i l r  each 
f i e 1 . c  ( i .  E.. , e n t e r ,  zeroes i f  . l n t : i t u d e ,  l i ~ ~ i g i t u d e ,  o n d  e . l e v o t i o n  
c . i e  o rn i . t . t ed  !. I n p u t  d o t o  c o n  be a l l .  i n e t r i . ~ ,  i t  d l i s i . r e c l .  

T h e  :si te nome, z o n e  n u m b e r s ,  nrrd latitude, l . o n g ~ t ~ ~ d ~ ,  !2nd 
e l e v a t i o n  ( i f  j . n c l u d e d  i.n . t h e  i n p u t  c l n t a  ) o r e  p r i n t e d  cra; fl 

h e n d i n g .  A talxle i c -  t h e r ,  givel-1 sl- inwirig t h e  p r e c i p i t o t . . i o n  v n l u e 5  
f o r  2--, 5 1 25-,  I -  I -  c11-ld S<n:r--yecr r e t u r n  p e r i . o d s  Eor 
d u r c l t i o n s  0 6  5, .I(:), 15,  nl-ld 30 rni.nl.i't:rs uncl 1, 2, 3, 6 ,  1.2, nl-~d 24 
hour:r-,.  i l ~ l t ~ ~ ~ t  c ln . l t 5  are tlhe sirrrnie cis t h e  i n p u t  un i t . ; .  T h e  IF'C 
i,t.r.si.i.(-in n L c o  p : r i r l l : s  tlhe i n p u t  !:la t:!:~ for. r e  E e r f n c e .  / .+ppe~ . ld i  rc DL i s  
o s c ~ ~ r ~ p l o  o u t p u t  i r n m  t h e  CYWER v e r s i o n  of F!HEFTiE. / l p p e n c l i x  D 2  is 
. the !s.tnndo:rci PC o \ . l t p u t .  f4~1pend. i .n  Ci3 i s  t h e  o u t p u t  when t h e  s i t e  
is i11 p r i .mor . j  z o n e  7 ;  j t  p r i n t s  o  n o t e  r e g c r r d i r ~ q  revi.:i;ni:l de1xk.l-1- 
ore!:\ v u l u e ~  fo:r  f4:?.izol-ll:l I : I I - , ~  r k w  Mercicr~. U p p e i ~ , d i ~ <  0 4  is t h e  
o ~ l t r i c ~ t r  when t h e  o p  t.,i.nrr t : c~  ~ . I - I F I I . I ~  I2 ~ ~ ~ . ~ c i . p i . t ~ t ~ o r i  VCI:I.UC!S :i.s 
s r l s r t e d .  



El;e~::~~t..i.on ot prisyrom F?REF'I:!lI: i$ey.ii?~.~cis o1.1 the i rc i~nl~uter  syst-en! 1be:ing 
c i e d .  Apper>dir E descril:)~:!-; t l ie  c t-eps o f  e!teci.iti.im for. t lo th t1.1~ 
p , ,  ,-1e1:1u - .- (31 lRec,o~iint.i.o~i CYPER mninf lome (2nd the I E P l  P C / A T  1r111d 
r.:ornpcl t i. t,.l.~s; .. 
L ;cm~?t:lnles - t:l-I@ rriite w.il.1 be very  neor the boundnry between t l . 3 ~  

rone5, CI ~ i i t ~ ~ l t i . i : ~ r ~  i n  wI-i ich ~1 w r ig l - .~ t . i r~g  a1J coI .c~11c i t~- ' i l  f rec~uer lc j '  
vn lc l~ !s  omong ne: iyl-1bori1.1~ zones niay p r o v i d e  {:I riiore opprnpr i~1t .e 
c!r,E;xjer. 1.11 tl.les;e l:nse.i, 3 t cciri be I-1e:l.p l:ul t o  moke more tl'lnrr c1r1n 
r u r l ,  u5i:i.ilg tl.ic i . ~ r ~ i g l - ~ t ? o ~ l . ~ - ~ y  zi ine's VCI.IU~'S. E ~ j i t  t he  i n p u t  f i l e  t . ~  
chorige the zone i'l~.lrni:~e:[:: ( i ~ r i ~ : l  ot.1-i!?r i:lnt.il cis ri!?ed.?d) c~riil r e . - r u r~  .t..l-!e 
progrnm. 

5 . PI~!thocl o 1: Ver i v c ~ t  ~.I:II-I . - - -. . - - -. - - . - - - .- -. .- - - - . . - - - 

Ti-~e 1:lrogrorn f o l l o w s  p r o c : e d ~ ~ r @ s  out:.Lined i n  IUOAA Ht:los 2 t r ~  d e r i v e  

~ . .  Lh r  ~ ! r ~ ' ~ i p i . t o t i . o r i  f rnquerrcy voJ1.1es. The 2 - -y~+or  oncl li::~c>--year 
1npl.it f f igures f o r  h..-hour ond '4 -h i :~ur  d u r n t i o n s  o r e  used t o  d e r i v e  
these  scime r>et.urri i requor !cy  vo lc~es  l o r  J - ,  2-, and >.-hour 
d u r o t l u n s .  The r e l o t . i o i . l s h i ( ~ s  ornr~i-.~g t he  6.-hour ond 24-hour 

,. ~a l ! . i es  nnd t h e  I.-, 2 - ,  ond .I l -- l - io~~r value-, were d~ternl . i . r~t?d t ~ y  t.he 
NUS ond o r e  depenclent: r:)n t he  znr-tc i n  whicl-I t h e  s.it.e i s  l nco ted .  
.I'L., 1 L --, .- l i o ~ l r  . vo:ll.les o r e  r jer ivecl  tly t a k i n g  the m idpo in t  between t l le  
6-hc!i~r i:lr-id 24--I-iour. .i.nput: value.: for' t he  2--year c:lnrtl t1:11?-year 
r e t l ~ r n  pr'-!rinds,. 'l'he 5)-, 1 . -  15 - - ,  ond 30-minute  d i ~ r o t i o n  v o 1 i . 1 ~ ~  
for 2-yenr cind l.CIr.:I--)/ear everlt!;  or.^ deterni lned by r n ~ ~ l t i p l y i n g  t h e  
1-hot.!:[:: values by n 5 e t  c ~ f  foctc l rs .  These f o c t a r s  c!re d€!perlder.it 
on t-l-~e short : -durnt ion zone i n  wtil.cli t h e  s i t e  i s  l ocn ted .  It:-,is_ 
im j io r fn~- I  t tq-n1&21g4-&h~' sl ior t - - d c ~ r o t i o n  zones g g ~ - f l ~ ~ ~ , ~ ~ g f i ~  -- 
fr ctm tl-IE! pr i .~r tory ( l o r i qe r  ~ L I E S I ~  ic,n ) zongs. The prc!grorn t1.1i.n - - - -. . - - - - - .- . - - - - - . - - - - 
cromputes t h e  vo lues  ~CII. thf? rernn:i.ning r e t u r n  p e r i o d s  by  1 : i t t . i .n~)  
t h e  l:,:rec:il:litcrtioii \/r.r.Lues .I:o I Gumtiel d is t r ' i .b i~t : . iun.  The 2-yenr 
.vnlcles i c ~ r  a l l .  clc!rnt..i.ot-is n r c J  i i 1 5 : t  c:~djclsted from (:I pi!rt.:i.nl 
du:c~t:ioi.i 'serie.; ( i.nl:~u.t \,o.l.i~cs ) t i 2  crrl onnuol  s i?r les.  TI-1er1 the 5-, 
1 . -  25- . ,  SCI-, o r  e fJrequertcy vcilues f o r  till c / ~ ~ r n t i ( : ~ n ~  
o r e  c o l c u l o t e d  from t h e i r  : respec t i ve  ~ e l o t . i c s r ~ s h i p  t o  t:he 2---yeor 
cur~cl :li:,i.:l--yec!r v o l ~ l e s  i n  o Gt.~mhel d i s t r i b c l t i r ~ r i .  The Z-, 5-, rind 
10-yeor vol .~ ies o r e  then  conver ted  hock t o  a p a r t i o l  d u r n t i o r i  
.ierj.es, which ccirresponci t:c~ .the NCIAA th t los  2 mop voluc-,. A l l  
o u t p l ~ t  V C I I U ~ C -  o r e  for,  p (b i . r~ t  l ~ ) c n t . i o r ~ s .  

IIOTE: (hrec~l. vol.i.les o f  ~ r ~ ! : : i . p i t n t i . o r i  1:requerir:y a r e  o f t e n  nc=ccled. 
BeccuJse pruyrom PREFRE dues  tot p1uv ide t h i s  i.nformcrl:ion, i t  i s ' .  
necesso.r'y .to f ' o l l ow t h e  proceclure Jourid i.rr ti-ie n(,prcrpr.i.ote N1:IAA 
A t l c l ! ~  2 vcslr~me. Wtirn n r e o l  volue!.; c1r.e requ i r i ?d  fibr r-lr'izono unrj 
I \ i ew  I " l ~ ? ~ i . c o ,  use tl-le .l.nl:ornlnt.ion Found ~ r i  tt io 1W:Lr. hIrJAA 7rirhni1:nl. 
Pic?mo:~oni:lum PJWS IN":)RD--~J.::I. 



I;. w~:ls i:lecl.ded i n  : I 1 7 5  t o  chal -~ge + : i ~ e : ?  px50yrnm frr:)nl t h e  pTCJCe1jul.e 
o r r g i n n l l y  used by the l,.IWS to n rr1i:ire s i . r r~p . l> . l ied  nl :~pronch i l s i l i g  
c r , l y  t h e  kou:c. key l~x'eci.l;it:ot:.i.or~ v~:l.Lue~; fo:r i n p u t .  Thi.s n:l.luws 
f o r  qcl i .cker s e t u p  o i  t h e  i.r~l:lut d n t o  nnd Cc lc i l l t t n tes  t h e  wee of 
t h e  progroin.. N13 1 ~ 1 ' 8 5  r1.f CICC:LI~CICL; i n  t h e  (~r~ l .cu ln t .ed  v o l l ~ e s  i3ccur.i 
ns  t h e  >--yeor t~-- . l -~o~!r , ,  2-yects 24--l-io~ir., li.l!:>--,jecrr &--hour, nr~c l  l.l::Il:i-. 
y e a r  Zl-r--Iii:~v:r. 1ni:Ips n r e  .the Ikey mups i r n i t i o l l y  d e r i v e d  i n  t h e  NWS 
.::ti iclies. TI-IE ~riopsi ;II? tqI:IFIfi A t l n e  i.! l:or. ret 'ur 'r i  p e r i o d s  o f  5 ,  :l.l:l, 

25, rnnd 51:1 yeci:r!:; were d e r i v e d  fro111 t h e  2- nrid 1r:ll:l-yeo:r rnnps i n  
t h e  some 111111-II.IPI. t h c ~ t  t h e  1:'REFRE pr.ag1. c ~ m  cfimputes thesc! vcrlirt?s,-. 

I I : i . : i r 1 . 1  ~ : I I I I I ,  (3r11.y i:ille  SIX^ 13f nlnk.l.on~iL f11ct13rs WCI!: 

i;secl t o  det:er~n.i.rie 5--.rrlin t n  3CI--r11.i.n vaJues * r u m  1--hour values. 
F n p e r s  by  ~re&- j ,c ld .  and M i L I e r  nnd A:r.l~.ell. and R i c h a r d s  prese l - l t sd  
s e t 6  $ 0 5  Cactor!k . tha t  c le~~encled on 11.1~' 1.oc.nt.icon o f  t h e  s i t e .  l'lhese 
vnl.ur:+s were used f o f  sit:e!ii 'ue::.t r ~ f  I:he 1C)Sth rne r id in~? ;  t h e  01.d 
Inc. tor 's  were r.e.tn:i,ns!cI )!or t h e  FJ.Ir:riris 5 t :n tea e o s t  o &  t h e  1V!iikh 
v ~ s r : i . { d i n n ~  

The 1'775 ver!zior-I o f  t h e  ps'r3grai11 n l . lo 'ded tl-ie u s e r  t c  s ~ i e c i f y  two 
znnc5 i n  'the e v e n t  Ihr:~t. t h e  6 l t . e  w a s  n e a r  n zonc~l.  bour~dclry.. 'i'he 
c u r r e n t  vers.iur1 does l iut  crf f e r  t h n t  o p t i o n  becnuse two t ) / p ~ ? s  of 
rnnes  ( t l-ip c l r i . y i n n l  i a i i q - - d u r n t i . r ~ r ~  zr:ine nrtd t h e  l ieu  shor t - -durn t : i .on  
201-ie) a r e  ncliw r e q u i r e e l  orid mn jor  r e \ i i n i n n s  t o  t h e  program wou ld  
t ' ~  seq~~ . i~ :ec I  t o  ~ : c ( : ~ ~ ~ i ~ ~ ~ o c i n t : e  v n r i o u s  ciirrit l innt.i.ons o f  n lu l . t . ip le  r u n s .  
The o n l y  UL~), t r ~  y e t  r u n s  for; two ndjc! i :~t- i t  zones i s  t o  e d i t  t h e  
i npc l t  f i l e  a f t e r  tl-ie C i . r s+  ru r l  ( n  claick.. ortd s1mpl.e ,tiroceclure r:rnd 
e x e c u t e  t h e  ~ ~ L ~ ~ T O I I I  agn in .  



P i. e I. I . ,  ! , E , : 1 1  I . , I :  "!31-,!1:ir t. Dur~at:.ior~ N n i n  fc!L 1 
i'ie.Lr:~k i.orls lo r  ';I-!@ ir,ec;te;a Cin i lecl S t.13 tee, ;' P r e p r i r l  t, 
I~.D~i .~!s :ce~-~ce IJ!~ (;11!11ni.e nnd Wuter I l o n n ~ ~ m e n k - f l  C r i t i c o i  E r n  arid 
Cor1Lare1-,ce ~ 3 r .  l l . 1 ~  C C ) ~ ~ C ; P Z ~ L , ~ I - ~ C B ~ E  (:)J 1 '985 ' s  1311.mnte, A ~ ~ g u s t  4-7, 
1'?8b, Ac,he\/.i1ie, IJC, Airier. I'let.eoro1. Sc lc . ,  Boston, 1956.  

Fred.=r.ic:k., R .  I.!., I I F .  I ' l i l I e r ,  "Shor  I D u r n t i o n  R o i . n f i : ~ l l  
F r e q l ~ e n c y  i - ie lc i t lo r i s  f o r  Co.Li F o ~ n i . n ,  " F r e p r i n t ,  T h i r d  
C o n  ! r rs i - i ce  an iiydr:orneCeorr:!l.c~c~y, C l u g u s t  21:)--2Lt, 197Y7 Uogo~l,nr 
. i : l : i ~ I i n ,  R~l ier.  Matao1.01. Suc.., Rrss-kon, 1 9 i 9 .  

I CI,, '., R .  ;I. Frod r~ r i t r i . , ,  I I .  I .  Tr.cl#::y, "NU(\A / . i t l i l s  ;I! 
;:, ,:. ..c-ipit.nt::ioi-i..F::[equni'>i:y A t . l n s  of t:he We's.terr1 U r r i t e d  S t n t ~ ,  " 

1 i  ,io,L~>n~ei;, N!:1kl@rrc11, Weatl-,er S e r v i c e ,  N n t j . o r ~ n l  C)c:eonic (2nd 
k t.n,c:io~ihsr;.i,c Oilm I r l  i r-rrr :~tion,  I.)!-ii. tec.1 5tnt.t-  Oepnrt:rr\ent: o k  
~ e ,  ! i i i , l . ' d e ~  S&!r i r lg,  i'inr.y:I,arld, li?7:I. 

';?.el-IT., R.. M.,  nn~.rl ? j .  A , .  Myers, "1l)eptl.l--Area Rclt.los i n  the  S e m i - f i r i d  
! i :out l lwest Ur i :~ ted S!:C~~:?S," IqOAA T r ~ h r l l c ( 3 1  I l e ~ ~ l c ~ r o r ~ ~ I ~ ~ n i  NWB 
' U - 0  O f f i c e  o f  l i y d r o l o y y ,  Nntio1.1nl. Went l i r r  S e r v i c e ,  
t\ioki.a~-hnl. Clceni.iic. nnd At.mosp1-ler,.ic /.idmi.riist.rntion, i . l n i t ed  
c - L L.n+.l?s '3el-Jor -tment of Colnmsr c e ,  !iii. lvor Spr ~ n g ,  P l n ~ y l ~ ~ n d ,  

' 3 ~ i c J " E t  L ' i 'Bb. 
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F i e l d  1. T i t l e  o f  s.t:c~dy DT. s i t e  iiome, u p  t o  3 2  c l i n s o c t e r s  

L i n e  2 ( i i e : l . d s  S e p n r c r t e d  h y  tl1oril.r; ar cornnlas):  
Fis.1.d 1. .. IFirimt:1ry z o ~ i e  n ~ i l n t e r  ( o p p e n d i i c  A ! 
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Fi.e . ld  4.  l . .o r~g . i . tude ,  d e g r e e s  cind der : : imals  ( o r  1:)) 

e l :  5 IE . levo .? iur~  ( o:r i.1 I 
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I - i r l e  :3 ( f l e l . d s  s e p n r o t e d  by b1nnP.s  or c o i n m a s  !: 
F i e l d  1.. 2-y.r  b---lir p r ec ip : i .  t o t i o n  v a l u e  ircini bIUAA A t . 1 . n ~  2  
1F:ield 2. :L(:?i:l-yr 6 . -hr  p r e c i p i t n t . i o n  v a l u e  
F i e l d  3. 2--yr  2 4 - h r  p r e c i p i t a t i o n  v a l u e  
F i e l d  4.. :Ll:rl:i--yr 24--hr-  p r l e c i p i t n t i o ~ i  v o l u e  

IJO-IE: A c t u c ~ l .  I a t i t c i c l e  a n d  S.ongi.t\.ide v n l ~ ~ e s  o r e  r e i l u i r e ~ l  h o r  - - . - - .- 
si.,te!i; i l - 1  p r i c n a r y  z o n e s  3, 9 ,  ond  11, oncl e l e v n t i o n  d o t c i  clre 
r e q ~ r i r e d  fjor s:i tea i n  p r i m i ~ r y  z:nnes 1, 2, o n d  6. F o r  o t t ~ e r  
pr%.imt:~ry z o 1 i e 5 ,  r r ~ . t s r '  e i t h e r  zerclc-!; or t h e  l m t i t u d e ,  
l o n g i . t u d e ,  ancl e l e v a t i o n  v n i u e s .  E l e v a t i o n  rncry be e n t e r e d  i n  
rne'tar.5, i f  p r e c i p i t r n t i a n  is a l . s o  m e t r i c .  

* S h c ~ r t - - c i c i r n t i o n  zorier-; . l .Z  t . h rough  15 are  a l l  [or tlie 
S o u . t h e r n  F n c i f i c  izoc~st:. Z ~ n e  1 2  is for. ei ter ,  w i t h  e l e v ~ x t i o n  
g r e n . t e r  thnl-I 7(:1(::1 1 : t .  Zc~r;? 13 i . ~ ;  f:clr s i tes  w i t h  e l e v n t i o n  
betwesn 5131:) ni-id ? I .  f Z o n e  1 4  is f o r  s i tes  w ~ t l i  e i e v r ~ t i o n  
155s ttlorl 5i:ll:I f t .  Z o n e  I S  r e p r e s e n t s  on  c l v e r n g e  01 ~ 1 1 1 .  
e l e v n t i r ? n s ;  wit1ii .n t h e  b o u n d n r i e r ,  o.t t h e  S o u t h e r n  P n c i f i c  
C o n s t .  
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SAPnF'LE OUTPU1 - CYBER 

P I E C I P I I A I I O H  FPBOUEHCY VALUES P O I  PUARTZ HILL .  COLOPIDO' 
P R I M ~ R Y  ZOHE no.- 6 OHOUT-DURnTION ZONE NO.- 7 
L&TLTUDE 39.00H LONUlTUDB 105.53U ELBV~ILON ; ~ 9 0 0  FEET 

RETUPU PBRIOD 
DURATION 2-YP 5-YP 1 0 - 1 1  2 5 - Y I  SO-YP 100-YU 500-YR 

S-MlM .16 
LO-H I N  - 4 0  
I S - N I H  .18 
3 0 - N I H  .65 

I -HR - 7 8  
a-HY .vz 
3-MU 1.03 
6-HR 1.19 

I?-HR 1.49 
24-HR 1.78 

PPOJECI NAME-OU6RTZ H I L L .  COLOPADO 
ZONE- 6 SHORT-DURhTION 20H6- 7 
L h I  ITUDE- 39.80 LONOITUDE- 105.52 ELEVnI  ION* 8 9 0 0  
2-YR. 6-HR PCPN- 1.19 100-YR. 6-HR PCPNc 2.05 

.39 .73 5-HIM 

.93 1.16 10-NIN 
1.20 1.49 15-N1N 
1.65 2.05 30-N1H 
2.03 2.54 I-HR 
2.31 2.88 2-MU 
2.53 . 3.13 3-HR 
1.85 3.53 6-Hk 
3.53 4.37 l a - ~ a  
4.11 3.21 24-HY 

k * A h A A A A A A A A * I  
A  A  
A  END OF I U H  k 
A  * 
k A A A A A * A A A A * * A  



* * * O U T P U T  O O T A * * *  
REVISED.  JLINE 1VBB TO UPDATE COPlPUTAl ION OF SHOHT-DUHCITION V&L..L.IEC; 

PRE1:IPITFITION FREQUENCY VALUES FOR QlJARTZ H I L L ,  COLORADO 
PRIHARY ZONE NUMBER= 6 
SHORT-DURATION ZONE NUMQER= 7 

L A T I T U D E  39. 8 U N  LOPlGITLIDE 105.52W E L E V A T I O N  8900 FEET 

P O I N T  VALUES 

H E T W N  P E R I O D  
D U R A T I O N  2-YR 5-YR 1 0 - Y R  25 -YR 5 0 - Y R  100 -YR 

I N P U T  OATA 

PROJECT NRMEcQUARTZ HILL, COLORADO 
ZONE= 6 St lDRT-DURATION ZONE= 7 
L A T I T U D E =  3 9 . 8 0  LONGITUDE=  1 0 5 . 5 2  E L E V A T I O N =  8900 
2-YR, 6-HH PCPN= 1 . 1 9  100 -YR,  6-HR PCPN= 2.85 
2-YR, 24-HR PCPN= 1 . 7 8  101:p-YR. 24-W1 PCPN= 4 . 2 1  

* a * *  E N D  [IF R U N  * # * a  



* * + O U T P U T  D A T A * * *  
R E V I S E D  JUNE 1 V 8 8  TO U P D A l E  COMPUT6ITIDN OF SHOAT-DUHNTIUN VALLIES 

P R E C I P I T A T I O N  FREQUENCY VALUES F 4 H  L E A C V I L L E ,  COLORODU 
PRIMARY ZONE NUMBER= 7 
SHORT-DIJRATION ZONE NUMBER: 6 

L A T I T U D E  3 9 . 2 7 N  L D N G l T U U E  l l : 1 6 . 3 1 W  ELEVNTIC IN  10200 FEE7 

P O I N T  VALIJEU 

* I F  YOIIR S l T E  I S  I N  A R I Z O N A  UR NEW PIEXICO, P L E A S E  CONSULT THE 
FDLLOWINO PAPER FDR R E V I S E D  OEPTH-AREA VALUES: 

DEPTH-AREA R A T I O S  I N  THE S E M I - O R I D  SOUTHWEST U N l T E D  STATES 
NORA TECHNICAL  MEMDRANDUM NWS HYDRO-40 
ZEHH AND i l Y E R 5  
AUGUST 1 9 8 4  

I N P U T  DATA 

PROJECT NRPIE=LEAOVILLE, CCILDRACO 
ZONE= 7 SHORT-DURATION ZCJCIE; b 
L A T I T U D E =  3 9 . 2 7  LONGITUDE: 1C16. 31 ELEVATI i !N=1021:n> 
L - r h ,  6-HR PCPN= . 7 9  1lli:I-<R, b-HR PCPN- 1-05 
2-YR, 24-HR PCPN= 1. 00 1 - Y  24-HI? PCPN.= 2. 7 9  

5- .MIN 
1 0 - M I N  
1 5 - M I N  
3 0 - M I N  

1 -HR 
2-HR 
3-HR 
L-HR 

12 -HR 
2 4 - H R  



* * * O U T P U T  D A T A * * *  
R E V I S E D  JUNE 1988 TO UPDATE COMPUTATION OF BHORT-DURATION VALUES 

PRECIPITATION FREQUENCY VALUES FOR KUTCH (NU ), COLOHPOD 
PRIMARY ZONE NUMBER= 7 
SHORT-DURATION ZONE NUMBER= 6 

OPTION NUMBER 2 --- I N P U T  OF 12 P R E C I P  VALUES 
L A T I T U D E  3 9 . 0 0 N  LONGITUDE 104 .00W E L E V A T I O N  6100 F E E T  

P O I N T  VALUES 

RETURN P E R I O D  
DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500-YR 

.29 . 4 0  - 4 7  .57  .65 . 7 2  .90 5 - M I N  

.45 .61 . 7 3  -89 1.01 1.13 1.41 I O - M I N  
- 5 4  - 7 5  .90 1.09 1.25 1.40 1.75 1 5 - M I N  
.68 .97  1.16 1.42 1.63 1.83 2.30 3 0 - M I N  
.82 1.18 1 . 4 7  1 . 7 5  2.01 2.26 2 . 8 4  I -HR 
.91 1.28 1.53.  1 .87 2 . 1 4  2 . 4 0  3.01 2-HR 
. 9 6  1 . 3 4  1.60 1.95 2.22 2 . 4 9  3.12 3-HR 

1.06 1.46 1 .73  2.10 2.38 2.67 3.33 6-HR 
1 . 1 7  1.58 1.86 2.25 2.56 2.86 3.55 12-HR 
1.28 1 . 7 1  2.00 2.41 2 . 7 3  3.05 3 . 7 8  24-HR 

+ I F  YOUR S I T E  I S  I N  ARIZONA OR N E W  MEXICO, PLEFISE CONSULT THE 
F O L L W I N G  PAPER FOR REVISED OEPTH-FIRE0 VFILUES: 

OEPTH-AREA R A T I O S  I N  THE S E M I - M I D  SOUTHWEST U N I T E D  STATES 
NOAA TECHNICAL MEMORANDM NUS HYDRO-40 
ZEHR AND MYERS 
AUGUST 1 9 8 4  

I N P U T  DATA 

PROJECT NAMEZKUI CH ( NW I .  COLORADO 
ZONE= 7 SHORT-DURATION ZONE= 6 
LATITUDE= 39.00 LONGITUDE- 1Cl4. .Oil E L E V A T I O N =  6100 - - ~ 

12-VALUE P R E C I P I T A T I O N  OPTIDN 
P R E C I P I T A T I O N  VALUE: 

+ + +  E N D  OF R U N  * I + *  

I. 4 



T!- 2 $ (3 1 .l ,.~wiriy . s.t.epci aye  ucieci b.13 F I ) ~ P C U ~ : P  p r o y r ~ m  PREFRI-I Dl1 tl?e 
,.. a i , : : e o ~ ~  o i  Rec.!.iirnotiun C:YHEII nrlll.nln.ctm~ c o m p u t e r :  

.I .. I::r!,eotie a n  i n p u t  f i l e ,  u s i n g  a n y  c o r i v e n i e n t  name ,  
fcrll.owi.l-ig tl-re For rno t  ~ ) r e 5 e r 1 t e d  1.r) c l p p ~ ? n d i x  C. ' l h i z  becn rnes  
a pe : r rnane~ i t  file (211 t h e  CYBFR. P u r g e  i t  when i t  is n o  
l o n g e r  i n e e c l ~ d .  

c. ~kn Le.: DL-ili, FREFRED C t h e  b i n a r y  ( e i < e c u t n b ; e  ) f o r ~ n l  
t.1-,en iI;I:T, INPUT=your  i . n p u t  f i l e  nanie  
thel-I  FIIi::FRER 

3. 1'lie o u % p ~ r t  in€orm(a t . . ion  i s  s e n t  t.o t h e  s c r e e n .  I t  car-I 
o?.iso !JF p r i n t e d ;  u s e  t :he  p r o i : e c l ~ ~ r e s  a 1 : r p r o p r i o t e  # o r  t h e  
h r a r d w r ~ r e  n v : : ~ . i l c ~ b l e  1:o you , .  

~g~~.p~g~..lgg~p~rgr 

FK;:.-. ._rl-tE i . s  t h e  r x e c u t n h l e  v e r s i o n  o f  t h e  progrxnm.  I t  mny be 

s t r i r e c i  o n  t h e  h a r d  d i s k  or  i t  mi.ly he or)  a f l o p p y  d i s k  ... T h e  
t r - ; l o w . l 1 ~ 5  s t e p s  n r e  u s e d  to e > < e c u t e  t h e  p r o g r a m  o n  a n  I B P l  FC/A1- 
ar c o r r i p n . t i h l e  ( CI FORTFIAN cornp:i l.pr m u s t  b e  n v a i . l n b l e  o n  t h ~  
p o r  t i c u i o r  l'(3 b e i n g  usecl  :: 

.I. C r e c l t e  an i n p u t  f i l e ,  ~ l s i n g  n n y  c o n v e n i e n t  n a m e ,  
f o l . l o w i n g  t h e  f o r m n t  p r e s e n t e d  i n  a p p e n d i x  C. T h i s  is n  
permct r ien t  Eile on  t h e  h a r d  di.:sk. or fLcrp~ry  di.slc.. 

2. i--or harc l  d i s k ,  e n t : e r  PRFFKE f i l . e n o n < e l  f i l e n o m e 2  
( e. g . ,  F'REFHE FKEINJ. PHECIU'I 1 ) 

For F l o p p y  d i s k . ,  e n t e r  A:PREFRE f i l ~ ~ l o m e l  E i l enn r r1e2  
( e. g . ,  A: PriEFRE fi: FRElN1. F1: PHECILITJ. ) 

F i i e n n m e l  ( i n c l u d i n g  d e v i . c e  ID  a n d  nnrne e x t e n s i o n ' )  is t h e  
name  o f  y o u r  i n p u t  f i l e  a n d  f i l e n c 1 m r 2  ( i n c l u d i n g  d e v i c e  ID 
12nd nome e)c tenc , . iun  is t h e  nome o f  t h e  f i l e  y o u  wish t h e  
o u t p u t  inEorm;t.ti.on w r i t t e n .  E i t h e r  or' b o t h  Ciles inny b e  on 
t h e  h a r d  dis l , .  o r  t h e y  may b e  o n  n f l o p p y  d i s k .  i n  d e v i c e  A .  
' L C  t h e y  @.re on a 1 - l o p p y  d i s k . ,  t h e  t j l e n c r m e  m u s t  be 
preceded by G : .  T h e  ou t .pu l :  t i l e  w i l l  be c r a c l t e d  by  tlie 
p r n g r o m .  I:!. you  f a i l  t a  e n t e r  t h e  l i 1 . e  n r ~ r ~ i e s  n t  t h i s  
p o i n t ,  t h e  p r o y r a m  w i l l  pr'r:r~ilzt y o c ~  t o  e n t e r  t h o s e  n o m e s .  
l 1 e s s n g e 5  w i l l .  n p p e n r  crn t h ~ ?  s i c r e e n ,  hcrt t h e  o ~ ~ t ~ l u t .  dc l ' t a  (:!re 
wri.t:tizn t.0 t h e  f i l e . .  

3 .  El-ker  PRINT f : i l ~ n o m c ~ 2  



Tlie o u t c ~ u t  d o t o  i ~ i . L l  be l.:i.sle~:l n t  t h e  p v i r l t e r .  : I f  ~ O I J  

ci rectecl  t.i-ie oc~ lpc~  t J: 1 : l  e t c l  be or J t t e n  t c ~  t.he f .l.nppy \:I i . s P .  
( i n  dev ice  G i ,  e ~ i t e ~  PI:tI:NT A: t:ii.enolneZ?. T h e  o u t p u t  f i l e  i .s 
o.Lscl a permanent f i l e  cln i h e  I-tcrr:d d i s i t .  o r  i:l.oppy di!r;t.. 



Kn Values for Various 
Rainfall-Runoff Events 

This appendix contains tables of data showing estimated Kn values for various 
rainfall-runoff events for different watersheds. The first set of data is Figure 5.1 1 
from the Drainage Design Manual, Volume I(1992). This figure was simply moved 
to Appendix K for the 1995 revisions. The remaining data comes from a compilation 
of data collected by George V. Sabol Consulting Engineers, Inc. for the S-Graph Kn 
Study performed for the FCDMC in March 1993 (Sabol, 1993b). These data are 
provided to serve as a comparative set of information, which engineers and hydrolo- 
gists may consult when selecting Kn values for calculating basin lag times, using - 
the U. S. Anny Corps of Engineers lag equation with one of the four recommended 
S-graphs for use in Maricopa County (see Chapter 5). When examining these Kn 
data, one should keep in mind that the derived Kn values in these tables were 
reconstructed from actual rainfall-runoff events and, therefore, the values are stonn 
(as well as watershed) dependent. Thus, a great deal ofjudgement is still necessary 
when evaluating these data for assistance in the selection of Kn values, for the 
purposes of modeling a particular watershed response to a given design storm 

, ~ ~ ~ ~ . ~ ~ s ~ ~ . ~ ~ % ~ G & " , < ~ ~ m : ' ~ ~ . ~ , ~ ~ ~ ~ , - ~ . ~ , ~ c ~ ~ ~ " ~ ~ ' ~ : ~ ~ ~ , % ~ ~ ~ z  .*. " ~ > ~ ~ ~ s . ~ , m , ~ w " ; * ~ % " ~ ~ ' % w , &  .-mM"a-.."am*.,h...s.-.-- 

January 1,1995 K-1 





Lag a1111 I<II 1)ata for- >3.3o1111tai11 a1111 For~tllill Waterslieils 
(KII values snrtetl in s s ce~ l~ l ing  order) 

I Fak San Gohild Rlvm 
"la Anila Crssh (Inca1 e l a n )  

drils Cree+ msln 
an Jose Creek 

e r d u ~ a  Wart! (LACDAJ 

an Jose Cr& W d r n a n  Mlll Rd , CA 
sw Rivsr (Sopl., lB7O) 

"8, r u l l a l m  C,& 
nw llivw (Sap!., IB70) 

811 Fak Son Oahtitl River 

nln Morgnnln Hiva 

avo ere* (Dsc . Iwq 

anno, cnirlilnla 
~lnblc in \he 



< > 

I I I L- < 
Z Z Z 

i 
N . V O ' i  " N i  
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Index 

1. Rational Method 
The Rational Method is used to determine the peak discharge and runoff 
volume from a hypothetical 140-acreurban watershed. 

2. Green and Ampt Losses 
Loss parameters for input to the Green and Ampt method are ~ZtlCUlated for 
Subbasin No. 4 of the Example Watershed. 

3. Clark Unit Hydrograph (Urban) 
Clark Unit Hydrograph parameters are developed for Subbasin No. 2 of the 
Example Watershed using the worksheet (manual) method The results are 
.:,put to an example HEC-1 input file, and output is provided 

4 C:iark Unit Hydrograph (Natural) 
Clark Unit Hydrograph parameters are developed for Subbasin No. 4 of the 
Example Watershed using the worksheet (manual) method. The results are 
input to an example HEC-I input file, and output is provided. 

5. S-Graph Applications 
The Phoenix Mountain S-Graph is used to manually develop an unit 
hydrograph for a hypothetical watershed. An HEC-I input file example is 
provided. 

6. Kinematic Wave Routing 
Flow is routed along a trapezoidal channelusing the Kinematic Wave Routing 
option. HEC-1 input and output file examples are provided. 

7. Muskingum Routing 
Flow is routed along a hypcthetical natural stream using the Muskingum 
Routing option. HEC-I input and output file examples are provided. 

8. Muskingum-Cunge Routing 
Flow is routed along a hypothetical channel using the Muskingum-Cunge 
Routing option. Examples are provided for both the simplified and 8-point 
cross-section options. HEC-I input and output file examples are provided. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
pRoJEcT HYDROLOGIC DE-.-..s/GN MANUAL PAGE OF -2. 
DETAIL WATEWHRD - COMPUTED DATE .___ 

- 
. - - -  L ~ E C K E D  BY - .  DATE 

SU8a4sIId 
AvE. 

DESCRl PTION G,E&lETRY m v o ~  A VET. S I N  M A N N I N ~ ~  
dt= WIDTH SLOPE n' 

f t  

/ SO/L c E / * ~ ~ i r  
L / * r r ~  TRA P. Z g  5- 221 0 1 s  



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
F~ROJEC:- .h'Y'OpOCOG/c D E . / G A J  M A M u A L  PAGE .I OF - 2 

~ E T A I L  EXAHPLE /tlo 2 COMPUTED DATE 

.&'~'T/OHAL METHOD -_- CHECKED B Y  - - - . - . - D A T E  . - . . . . .. . -- -- 

S C E N A . 4 / 0  : L(SP  T M F  k'A7-/OA/4 L M.!FTffOD TO D F 7 . C  N I N F  TME 

/QO - YE4R P E A K  D / S C H A R G h  AND RUNOFF V O L U N F  FRor l  
AN URWN WATERSHPO W I T H  T H E  F O L L O W J N C ~  PWYIICAL 

C U A  RAC T F R / J T / C S  : 

LOCAPIBn/ - C A R E F R E F ,  A Z .  T6N- RVE- Set. 6 
DRAINAGb A R F A  /40 a c r e s  
FLbw PATH L E N t M A  /.a36 m r :  

A UER4G.F SLOPE * 33 ft/ni 
L A N 0  L(5F 70 % S/MCLF FAr / / lY  RFS/DFfiT/.4I 

30 YO L/GKT TNDUS Ta 1 4  L 

-- S T €  I : Llh7.F~ M/N€ TME RUMOFF C O F F F / C / P N T  C C T A B L E  3. ) 
S/NCF O U R  R€~u/?/v Pc"R/oD /S /do- Y F A R ,  U S €  COLUUN (4). 

C = ( . 70 )  ( . 6 3 )  + ( . 3 0 ) ( . 8 2 )  = 0.67 
IW - -- - 

STEP 2 : r Z . 4 L C U L A T E  7; U S / N ~  Fyuedc'on 3.2 

PLUG IN THE XNOWN V A R I A I ~ L F S :  

S/NC€ 7 . E  EQu4 T I O ~  COA/ TA /NS TWO U N X N O  WA/S, /T MU$ T BE 5 o L  "FO 
BY AN I T F R A  T / V F  PROCLFJS. W F ' L L  CHOOSC 30 mt'n. as 0 F/RsT G U  EsS 
A , AT 7 ;=  3 0 m / n . ,  THF /OO-I'EAP R A I N F A L L  IN?-€NS/TY /S 

960 c 'o /Ar .  (F/iS. 3 . 3 ) .  B6CAus.F TNE MA TLFUSH€Q /s oLI72i/DE THE 

PHOEff /X  A R F A ,  THF I / V T 6 N S / T Y  V4LUFS N U S T  B€ A O J y r T F D  U5lMG 
E 4 U A T I O N  3.3 : 

2.07 
w k p e  ip L.5 t h e  ra in&/ /  c 'n tens / ' fy  valoe f o r  Phoenix 3.3), 

and %/2.07 L.S 2% TO&/& of f h e  6 - h o u r ,  /o - yeor rul 'nf i / /  

depth [ ~ / 6 .  2.4) f a r  our are4 fo t h o 6  br Phoetn;~. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
2 2 P R O ~ E C T  MYDROLOGIC _ D ~ s / G N  MANUAL P ~ G F  OF 

TFI;,~IL &AMPLE ._-__ COMPUTED - . - - D A T E  _- 

R A T I O N ~ ~  M F T ~ D  - ~ P E C K E D  a~ D A c  -- - 

3 :  CALCULATE PKAK D I S C H A R G E  uS/nlG EQU47/Q/V 3.1 

A = ( o . L P ) ( s ~ ~ ) ( / Y o ) =  5YBc fs  Q p k  = Cf.0 L,oo 

PA c4n be. read from F/G. 3.2, or calculated usl'09 

f he  epuaf ions r 'n xcc2~bn 2.ff4: 

FOP this we will read EooZ f rom A g o r e  3.2. A t  
7 - 6 ~ -  R4F-  Secz!(bn d ,  the ~ p p r c x l h o f e  vq/ue ci 27.5 c'n 

275 0 = 22 . / $ fac - f t  THEN : v' o.&? ( 12 ) 



F L W D  CONTROL DISTRICT OF MARIGOPA COUNTY 
\ - (3 PROJECT H+'I!)/?*~ 0-- &?wff~' . A L E  -2- OF 

I m ~ r  :-! !.- r b  1 L, - ?  

I m m  .. . .... KXAMPL - - E -4442 LLMPUTED ID A T E  

FEN # A MPT L o s s r s  ..GL-. - Ct lFCKED R ' i  i,.i ? A --- : t_ 

.- S C E N A R I O :  - C A L C U L A T F  THC G R E E N  AND A P l P T  f OSS PARAMETFRS 
F O R  S U B B A S / N  N o  4' O F  THC F X A M P L F  W A T E R  S H e D  
ASSUMF T H A T  Th/F W A  T E R S H F D  /5 L OCATCD h / / r H / @  
T H €  B O U N D A R / F S  O F  THC " S O I L  S U R V E Y  O F  A G U  l L A - 
C A R C F R E E  A R E A .  PAR73 O F  M A R / C D P A  A N 0  P / N A L  
C O U N T I F S ,  ARIZONA!  A S S U M E  THE D C S / G N  S T O R 0  

7 0  BE 4 6 -HOUR , /O0 - YEAR E V E N T  O F  3 5 t o  V 0 /NCHFS 

,VL'NBFRS AaF FOUND O N  THE S O / L  Su/?VFY 

f l 4 , ~ S  AND DFNOTE SOIL NAP u N t r s .  

P L A N / / f F T F a  MAP U N I  T AREAS STEP1 : 
W / T H / N  7HF S U 5 B A S ) N .  ASSUffF 

F d R  TH/S C A S F :  

A = 25% H A P  UN)T N a .  2 2  - 
A 2 3 3 %  29 - 

.. .. . .. . . . . . . 
S T E P  2 : 

cria!<' U P  X K S A  T a' R7/NP PA AANEr'FRS 
,'bd A P P E N D / X  A : 

ROCK OUTCROP O R  
HAP UNIT NO, X W T  (in/hr)  ZMPERV/D?/SNE5S (%) 

S T E P 3  : 
C A L C U L A ~ E  A L O G - h / ~ / G W T € ~  k K 5 A T  FOR 7H6 S U B Q A S / N :  

X K S A T  = A L O G [ . Z S ( / ~ . ~ V ) + . J ~ ( / ~ ~ . ~ ~ ) +  . ~ O ( / ~ ~ . / V ) ]  = o . / Y  rh /br  

STEP Y.  DFTEf f f l /NE VALUFS O F  P S / F  AND DTHEi-4 FROM F / 6 U R F  Y . 3  f f S / N G  

7W.K XX5AT VALUF /N S7FP 3 : 
PSIF = 6.2  L" 
DTfiETA ( D R Y )  = 0 .39  

STEP 6 : 

US€ F / G U R F  q 4  70 4djusr XKSAT BASFO O N  V.KGE7-AT/O/Y  .' 

F O R  7H/5 FX4ffPLE;  ASSUME W A T  # 4 P  U N )  TS 2 2  4 27 AVERAGE 

20% V E S E 7 A T / O n /  C O V E R ,  A N D  U W / T  /OL/ A V C R 4 6 F S  30% 

- XUSAf = [ . 6 0 C  1 . 1 1 ) + .  YO ( / , 2 2 ) ] . / 4  = 0./6 i n / h r  

CALCULATE 1.4 AND RTIMP:  

FOR THIS FXAMpLG, A S S U M E  /YAP U N / r  / O q  /S R O U G H M O U N T A / N . S  4 , V D  
U N l  TS 22  1 ZP ARF H/r!r!JLOP€ ARFAS: 

I d =  ..YOX.2&) + 6 6 0 x , l 5 ) '  0.19 r >  

R T / H P  : ASS U M€ 75% CONNECTED //YP€RV/OUSMES5 F O R  NAP W / T  / O f -  
. 7 5 ( & )  = Y 5 3  

R T / W  = . YO ( Y S  % ) = / 8  % 





FLOOD CONTWOL DISTRICT OF MARIGOPA COUNTY 

2 ;i OdE C I MVDRDLO~K- ~ L C S / G N  MA MUA L -PAGE -2- OF -- 

,- .:- 7 -  + , 
,#. ,-;,.. -- 8- 7- ~ X A ~ P L  E _&..~.3 COMPLITED L)A ___- 

C L A R K  -. -. U N I T  -. A Y D R O G R L  . - .. . .- - - - CHECKED BY -p_.-.-,-. _ _ . D ~ T E  

S ~ E N A R  10 : DEVELOP THE- CLARK UA'/ ?- HYDROGRA PH /#PUT PARAMKTC-RS 
FOR SUBBAS//".' NU. 2 O F  ,THE E X A M P L F  WATERSHED 

STEP 1 : 
ASSFMBLE PHYSICAL BASIN C t i 4 R A C T C R  ISTICS : 

ARFA = 2.17 N89 ac 
FLOJ PATH ( L ) =  L B 5 n i  
S L o P r  (5) = 3 0 . 5  f y e r '  

IMP€+? V/OUSNCSS = 21 % 
- - -- - 

- S T E P Z  : 
C A L C U L A T E  TWE BA5/N RFSIS TAMCE COEFFICIECJT.  4 USA/$ 

F / j ,  hs, TABLES 5.1 6 .g2, A N D  7 N F  " Tc # R ~ ~ E K S N F E T  ( ~ ~ ~ e s l d i z  E). 

S I ~ C F  THIS M AN U R B A N  BAS/N: m a  : O ~ Z S  and 6 =  . o r  

Kb = rn ( los A )  f b = 7 0 0 6 2 6 (  log 1389) + - b y  = . 020 

S T r p  4 : Krg7'FR R A I N F A L L ,  L O S S ,  AND C L A R K  PARAMFl-t- 'R DATA 
/&TO AN HEC - /  INPUT F / L  E, LY/ T-+f 7; / R SET TO Z F U O  

Xvfw 7HF PRBG RA H N/TM THK 1O C A P  D 2 0 7-0 G €'N€RATF 

A RAINFALL- LOSS - E X C C S  TABLE. 

S T E P 5  : U S  I N S  THF WORKSHFET' AMP THC RFSUL 75 O F  5 7 0  4, 
TA 8 u L A  TE THF P€R/DD O F  P F A  t: RAlN FA L C  F x C F S S  AND 
C O f l p u r f  THC A U E C A G F  I N T P N S / r / F . S  To 4 'T/ ME 
GREATER T H A N  T H F  FXPECT€D X .  

STEP 6 : COdS/srRllCT THC GRAPH OF AVERAGE DCCES.5 ZA'7-FNS/Tt' S .  T/NE 

S T E P  7 :  CALCULATE- 7; BY ZTFRATION. I N T N S / T h '  Ci) VALUFS ARF 
RFAD FRaM THC GRAPH. CALCULA T€ k?. 

STEP 8 : ENTFR THE T c / R  VALLISS /&TO T2fF h / C C - /  F / L F , '  SAVE. '  
AND RUM. A  5 A t + P < h  / / K C - /  ZNPUT AND O U T P U T  FILE 
/5 PROV/D€D 

ALTERNATE HETHOD 

Program M C U H P L  can b c  used t o  C o w p l e t c  s t e p s  3 - 8. See 
A P PENDI )C I FOR XNSTR uc r/c?N.s. 



l a c 1  b y :  Da t e :  . 

Checked  b y :  . . 2 r o j e c c :  & ; t g p ~ ~ N o .  3 

F a c e r s h e d :  L>APTPLE - ?-ERsM€&- S U B B ~ S I N  N o .  2 -- 
R a i n f a l l  F r ~ ; u ~ n c y : / * ~  - :ir 1 ;u r a t i on :  6 - hr. F a t t e r ~  # : _ . 1 . 8 5  

R a i n f s l l  L c s s  Method:  [XI Green  & Ampt Method 
[ ] I L  + ULR by s o i l  t e x t u r e  
[ ] I L  i ULR b y  h y d r o l o g i c  s o i l  g r o u p  

Kb - m [Ic?::. ' 6 4 0 ) I i  b  
Kb = ( . rO6L%C!  l o g  (2.17 t 6 4 0 )  t 

Kb = .Of 
. 5 5  .52 - . 3 1  -.38 

Tc = 1 1 . 4  L Kb S i 

T a b u l a c e  P e r i o d  o f  
P e a k  R a i n f a l l  F s c e s s  
C l o c k  Time I n c r e n .  
@ e n d  o f  E x c e s s  
I n c r e m .  i n .  

T r i a l  Tc~ i C a l c .  Tc 

R e a r r a n g e  I l c r e m e n t a l  E x c e s s e s  i n  
O r d e r  o f  D e c r e a s i n g  A v e r a ~ e  I n t e n s i t y  
Accum. ~ i l c r e m .  Accun.  Avg. E x c e s s  - 
T i n e  E x c e s s  E x c e s s  I n t e n s i t y  
h r .  /min .  i n .  ~ n .  i n . / k r .  

5- . 2 6  .26 3. IZ 
/O . 26 .52 3.12 
15 76 .78 3.12 
20 . 17 , 7 5  2.BS - 
2.5 1 7  1 .  12 2.69 
30 17 I .  27 2 . 5 8  
3 5  . 1 1  I .  40 Z. ya 
f/O . I I  I. 51 2.27 

( . O Y  

A 
v 
e  
r 
a 

g 
e 

E 3. z 
X 

c 3.1 
e 
s 3.0 
S 

2.9  
I 
n 2 . 8  
t 
e 2.7 
n 
s 2 . 6  
i 
t 2 . 5  

1: 2. Y 

n 2 .3  
/ 
h  2.2 
r 25 30 35 YO 

Time ( T c )  ( k l r . j b . 1  



t!EC-1 I N P U T  PAGE 1 

i D  SAi tPLE H E C - I  I N P U T  USING TECHNIQUES OUTLINED I N  THE 
iD HYDROLOGIC DESIGN MANUAL FOR HARICOPA COUNTY .............................................................................. 
I D  EXAMPLE NO. 3 - CLARK U N I T  HYDROGRAPH (URBAN) .............................................................................. 
i D  R A I N F A L L :  6-HR, 1 0 0 - Y E A R  P O I N T  R A I N F A L L  DEPTH OF 3 . 2 5  INCHES 
I D  HYDROGRAPH: CLARK - TC & R FROM WORKSHEET 
I D  URBAN TIME-AREA CURVE 
I D  LOSSES: GREEN AND AHPT METHOD 
I D  B A S I N  AREA: 2 . 1 7  SQUARE M I L E S ,  R A I N F A L L  PATTERN NO. 1 . 8 5  .............................................................................. 
I T  5 8 5  
I 0  0 .............................................................................. 
KH C3MPUTE DISCHARGE AT THE OUTLET OF SUBBASIN NO. 2 
KM 6-HOUR R A I N F A L L ,  PATTERN NO. 1 . 8 5  WAS USED TO F I N D  TC & R FOR T H I S  B A S I N  
KM T H I S  B A S I N  USED R A I N F A L L  REDUCTION FACTOR OF . 9 7 9  
BA 2 , 1 7 0  
I N  1 5  
KH R A I N F A L L  DEPTH OF 3 . 2 5  WAS S P A C I A L L Y  REDUCED AS SHOWN BY THE PB RECORD 
PB 3 . 1 8 2  . - . . . .  - 
KH THE FOLLOWING PC RECORD USED A 6-HOUR STORM WITH A PATTERN N o .  OF 1 . 8 5  
PC ,000 ,009 ,016 , 0 2 5  , 0 3 4  , 0 4 2  , 0 5 1  , 0 5 9  , 0 6 7  , 0 7 6  
PC , 0 8 7  ,100 , 1 2 0  , 1 5 9  . 2 4 7  , 4 4 0  , 7 1 5  , 8 4 8  , 9 0 5  , 9 4 0  
PC , 9 5 2  , 9 6 4  , 9 7 6  , 9 8 8  1 .WO 
LG , 1 5 0  , 3 5 0  7 . 5 0 0  .I00 2 1 . W O  
UC , 4 9 2  , 1 7 7  
UA 0 5 16 30 . 6 5  7 7  8 4  90 9 4  9 7  



DA MON ilRMN ORD R A I N  LOSS EXCESS 

HYDRCGRAPH A T  S T A T I O N  B A S I N 2  

.,......** /......*........*...*..*...**.**. 
COMP Q DA  ON H R ~ N  ORD 

0. 1 0335 1 4  
1. 1 0340 45 
4. 1 0345 46 

10. 1 0350 47 
17. 1 0355 48 
21. 1 0400 49 
24. 1 0405 50 
26. 1 0410 51 
27. 1 0415 52 
28. 1 0420 53 
30. 1 0425 5 1  
31. * 1 0430 5 5  
32. 1 0435 56 
33. 1 0440 57 
33. 1 0445 58 
32. 1 0450 59 
32. 1 0455 60 
31. 1 OSW 61 
32. 1 0505 62 
32. 1 0510 63 
32. 1 0515 64 
32. 1 0520 65 
31. 1 0525 66 
31. 1 0530 67 
30. 1 0535 68 
30. 1 0540 69 
30. 1 0545 70 
31. 1 0550 71 
32. 1 0555 72 
33. 1 0600 73 
35. 1 0605 74 
37. 1 0610 75 
39. 1 0615 76 
42. * 1 0620 77 
44. 1 0625 78 
49. 1 0630 79 
54. 1 0635 80 
62. 1 0640 81 
74. * 1 0645 82 
90. 1 0650 83 

120. 1 0655 84 
191. 1 07W 85 
316. 

.....*, 
R A I N  



TOTAL RAIWF~LL = 3.18, i O T h L  1 3 2 5  = 1 11, TOTAL EXCESS = 2.07 

PEAK FLOII' T IEIF 

+ ( c F S )  i H R 1  

MAXIMUM ALERAGE FLOd 
f>.HR 20-HR 7 2 - H R  7 . 0 0 - H R  

CUMULATIVE AREA = 2 . 1 7  SO H I  

RUNOFF SUMMARY 
FLOW I N  C U B I C  FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SOUARE M I L E S  

PEAK TIME O F  AVERAGE FLOW FOR H A X ~ M U ~  PERIOD BASIN MAXIHUM r i r r ~  oi 
l>PEEA1 I O N  STATION FLOW PEAK AREA STAGE MAX S i i G i  - 6-HOUR 24-HOUR 72-HOUR 

... NORMAL END CF HEC-1  ... 





FLOOD CONTROL DISTRICT OF MABCOPA COUNTY 

.. .- -. K X A ~ P L F  /Yo P , '? I !  1 1  COMPdTcv  C A T E  --- 

CLARK UNIT  HYDROGRAPH .... _ CHECKED BY D A T E  - -  
(MATURAL B A S I N )  

S C E N A R I O  - : DEVELOP THE CLARK UNI 7- HYDRO6 R A P H  /&PUT 

PA RAMFTE%S F O R  S U B B A S / N  N o .  4 O F  THC 

EXAMPLF WATFRSNCD. 

S T E P I :  ASS€P?BLE PHYS/CAL B A S / N  C H A R A C T E R I S T I C S '  
ARFA = 0.86 mi' = 550. acres 

FLOCJ P A W  LENG7-M ( L )  = /. Y 9 m '  
S / . O P ~  ( 5 )  = 3 / 0  f?/n)t' ( ADJUSTED US/A/c$ F;G. 5: 9 )  

- T W E R Y / O U S N E S ~  = 1 8 %  
STEP 2 : CALCULATE THE BASIN R E S / S T A N C F  COEFF/C /€AT x6 U S / N G  

F/4 527, -TABLE5 S/ # K Z  . AN0 7 - M  " 7; / R  i.v'0,4'KSH&F7 " 
L A PPEND/X E). ASSUME T H A T  TH/S SUBBAS/N /-5 5-0 i 5  

" N / L c . s L O P C "  AND 50% "/%'OUNTA/N". 

-. 0 2 s  (/09 S50. Y )  + O . / r  = , Os( > . 500(.081) t. 50 (. 118) = 0.100 = 
-- - -.030 ( / e ~  SS0.q) + 0.20 = , 118 

S T E P  3 : RCDUCE T; TO A FUNCT/ON OF ~ C - S  ~ N ~ F N S I T Y  C L ' )  : 
Nor€ : R€F€R T B  THE N O R  KSHEFT D U R I N G  THC RFHAIN I NG 5TFP.S 

- " 
7; : //. Y ~do)'Cz(310)T3' i -."$ : 0. 7/0 i "' 7; = / L 4  i / . 5 - ~ . s z 5 .  l . , 

STEP 4: EN764  R A / N F A L L ,  LOSS-, AND CLARK PARAMETER DATA / N T O  
AN HKC-1 INPUT FILE, w/r# E # R SET 70 ZERO. R U M  THE. 

H O D E L  W/7# TX& I0 CARD ' 0 T O  4 €&FiQATF A RA /N FA  L L 
- LOSS - E X C E S S  TABLE. 

STEP 5 :  USlrlG T H E  WORI<SNCFT A N D  THF  RESULT5 OF S T E P q .  T A B U L A T F  

r h ' F P € K l O D  O F  PCAK R A I N F A L L  EXC€55 AND COMPUTE ?ME 
A V E R A G E  EXCFSS I & 7 E N S / T / € S  TO A T / n c  GR.547-€12 T H A N  
THE E K P F C T E D  T c ,  

STEP7: C A L C U L A ~ E  E B Y  I T E R A T I O N .  I N r E N s / T Y  ( i )  V A L U E S  
A R F  RFAD FROM 7 W F  GRAPH. C A L C U L A T E  R .  

STEP 8: - ENTFR T H E  TC # CR VALUES /NTO THFHFC-/ F / L € ;  SAVF; 

AND R U N .  SAMPLE HE<-/ I N P y T  A N D  OUTPUT F / L F S  ARE 
PROV/D€D.  

-- 

ALTERNATE MFTNOD : 

PROGRAM MCUHPI C A N  a E  USED ro CONPLETF STEPS 3 - 0 .  
SEF A PPFNU/X 2- F O R  ZNSTRU C T I  O N  S.  



C z l c u l a t - l  l:<. .- Date:  _ .  .~ ..---p 

Checked t,:: : P r o j e c t  : 

.. u a t ~ r s . e c , : _ & p t - f P L E  NO. 4, SAMPLF MAT;~SHED Ah. f /  
R a i n f a l l  F : i q u e n c y : / 0 0  - y: C u r a t i o n :  2 - h r .  P a t t e r n  6 :  M.4. 

Rainfa:; Loss  Eetkob:  [XI Green & A m p t  Method 
[ ] I L  t ULR by  s o i l  t e x t u r e  
[ ] I L  i ULR by hy&ro log ic  s o i l  grou?  

T i b u l a t e  P e r i o d  of  
Peak R a i n f a L l  Excess  
Clock  Time Increm. 
@ end o f  Excess 
Inc rem.  i n .  

A = 0.86 sq .mi .  
L = /. Y9 m i .  

3/0. f t / m i .  s = " 

T r i a l  Tc i C a l c .  Tc 

Rea r range  I n c r e m e n t a l  Excesses  i n  
Order  of  Dec reas ine  Averaee 1ntens : ty  
Accum. Increm. Accum. Avg. E x c e s s  
Tine Excess  Excess  I n t e n s i t y  

i n .  h r .  /min.  - i n .  i n . / h r .  

( 1 

A 
v 
e  
r 11.5 
a 

g 
e 

E 
X 

C 

e 
S 

S 3.5 

I 
n 
t 
e 3 .O 
n 
S 

i 
t 
Y 

i 
n  

/ 
h 2 
r 25 30 35 40 

Time (Tc )  ( h r . / & . )  



TD SAMPLE HEC-1 RUN USING TECHNIQUES PRESENTED I N  THE 
!3 3YDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY .............................................................................. 
!D EXAMPLE NO. 4 - C M R K  U N I T  HYDROCRAPH. UNDEVELOPED B A S I N  .............................................................................. 
I D  R A I N F A L L :  2-HR, 1 W - Y R  P O I N T  R A I N F A L L  DEPTH OF 2 . 7 0  INCHES 
!D HYDROGRAPH: CLARK - T c  K R FROM WORKSHEET. NATURAL TIME-AREA CURVE 
i D  LOSSES: GREEN K AMPT 
I 3  SUBBASIN AREA: 0 . 8 6  SQUARE M I L E S  .............................................................................. 
I T  5 0 3 i A N 9 2  WW 4 0  
10 0 ............................................................................... 

I A S I N ' 1  
C l n P U T E  DISCHARGE A T  OUTLET OF SUBBASIN NO. 4 
2-HOUR R A I N F A L L  O I S T R I B U T I O N  WAS USED TO F I N D  TC K R FOR T H I S  B A S I N  
T i l S  B A S I N  USED R A I N F A L L  REDUCTION FACTOR O F 1 . W O  

,860 
5 

R A I N F A L L  DEPTH OF 2 . 7 0  WAS SPACIALLY REDUCED AS SHOWN BY THE P B  RECORD 
2 . 7 W  
THE FOLLOWING PC RECORD USED A 2-HOUR R A I N F A L L  D I S T R I B U T I O N  

. O W  ,011 , 0 1 8  , 0 2 3  , 0 2 8  , 0 3 2  , 0 4 6  0 7 1  .1W , 1 3 7  
, 1 7 6  , 2 3 2  , 3 2 7  , 6 0 1  , 7 4 3  , 8 6 3  ,901 , 9 3 0  , 9 5 4  , 9 6 2  
, 9 7 0  9 7 9  , 9 8 2  , 9 9 2  1.000 
,190 .3W 6 . 2 W  ,160 1 8 . 0 9 2  
. 4 3 8  2 2 2  

0 3 5 8 1 2  2 0  4 3  7 5  90 96 
I W  



HYDRCGRAPH AT STATION BASIN4 

DA MON HRMN ORD RAIN LOSS EXCESS COMP Q * DA PON HRMN ORD RAIN LOSS EXCESS COMP O 

3 JAN 0000 1 .OO . W  .W 0 .  3 JAN 0140 21 .02 .02 2G 113: 
3 J4N 0305 2 .03 .02  .O1 0 .  3 JAN 0145 22 .02  .02  0 0  827 
3 JAN 0010 3 .O2 .02 .W 1.  3 JAN 0150 23 0 1  .01 .OO 172.  
3 JAN W l 5  4 .01  .01 .W 3.  3 JAN 0155 24 . 0 3  .02 .OO 417 
3 JAN 0320 5 .O1 . 0 1  . W  8 .  3 JAN 0200 25 . 0 2  .02 .OD 273 
3 JAN 0025 6 .O1 .01 . W  13. 3 JAN 0205 26 . W  . W  0 0  207 
3 JAN 0330 7 .04 . 0 3  .01 15. 3 JAN 0210 27 . W  . W  . W  ! 48 
3 ~ ~ ~ ~ 0 3 5  a .07 .M . 0 l  1 6 .  3 JAN 0215 28 . W  . W  . W  l 0 e .  
3 JAN 0040 9 .08 . M  .O1 19. 3 JAN 0220 29 . W  .OO . W  77.  
3 JAN W 4 5  10 .10 . 0 8  .02 27. 3 JAN 0225 30 W . W .OO 5 3 .  
3 JAN 0050 11 .11  .09  .02  40 .  3 JAN 0230 31 .OO 35 . W  .oo 
3 JAN 0055 12 .15 .W .M 59.  3 J A N 0 2 3 5  32 . W  . 0 0  .OO 1E 
3 JAN 0103 13 .26 .07 , 1 9  88. * 3 JAN 0240 33 . W  . 0 0  .OO 10. 
3 JAN 0105 14 .74 .M .68 166. 3 JAN 0245 34 .W .W .W 4 .  
3 JAN 0110 15 .38  .M .33 335. 3 J A N O 2 5 0  35 W .00 . 00 3 .  
3 JAN '0115 16 .32 .05 .27 692. 3 JAN 0255 36 . 0 0  . W  . W  2 .  
3 JAN 0120 17 1 0  .05 .05 1268. 3 JAN O3W 37 . W  . W  . W  1 .  
5 JAN 0125 18  . 0 8  . 0 5  .03 1 6 W .  3 JAN 0305 38 . W  .W . 00 1 .  
: iJA!i0130 19  .M .04  .02 1718. 3 JAN 0310 39 . 0 0  0 0  .OO 0 .  
3 JAN 0135 20 .O2 .02 .W 1477. 3 JAN 0315 40 . W  .00 .00  0.  

Ll.********.*.t*tt.**,,,,~..,.,,**",*,,,,,,,.."*,,....*,.,,.,...,,......**.*.......***...*...*.****..*.*..~**...*.***.*~.**-~.**~ 

TOTAL RAINFALL = 2.70. TOTAL LOSS = .96. TOTAL EXCESS = 1.74 

?EAK FLOW TIME n~x inun  AVEPAGE FLOW 
6-HR 24-HR 72-HR 3.25-HR 

i (CF:) (HR) 
jiF5) 

+ 1778. 1 . 5 0  297. 297 297. 297. 
!iN:dES) 1 .736  1.736 1.736 1 ,736 

;kc-FT) 80.  80. 80. 80. 

CUMULATIVE AREA = .86 SQ MI 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVEPAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TI!!E O F  
OPERATION STATION FLOW PEAK AREA STAGE MAX ji;,G: 

+ 6-HOUR 24-HOUR 72-HOUR 

'-. NORMAL END OF HEC-1 ***  





FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
p ; x r  . ,c-- L i . PAGE 2 OF _I- 7 

r 
ICETA~L ~f lk ! !c . . r#_  2 COMPUTED DATE 

CHECKED BY - -  DATE 





FLQOB CONTROL DISTRICT OF MARICOPA COUNTY 

PRO,iECT - L . C . I _ C _ _ ~ F ~ / ~ ~  H ~ M U A L  P A G E  > OF -2- 

DETAIL S-GRAPH APPLILA~ON'_S_-COMPUTED -_----_-DA~E 
- - t X A * P k 3 ?  CHECKED BY  - - - . - _ D A T E  

@ Con /~ ;5eu t~  A T A B L ~  L l K F  THE F-OrLow/d& BY R ~ f i A / d 6 o f F  7H-6- L / A ~ d f h  OJ % O L / L ~  

/ + d C  % Lh6 FPOH THC- ~/NEMs/BN'.G'JS 5-6 RAPh' T ~ ~ L F S  ( ~ H O F N X  MDU~TA,~,  06 

fdoE&/.Z V A L $  j) /N' THE , d / h k ' ~ L o  6 8' D N / & ~  HAMU.4' - 

ORDINATE DISCSARGE f c i s l  I LAG TIHE ihourrl 



FhaadD CONTROL DISTRICT OF MARICOPA COUNTY 

,. - . 
I .  4 .  . _ F - ~ A ~ ~ ' L I ~ _ ~ . T / P I I L  COMPUTEC . ~ . . ~ . . ~ . - - . p -  ~ e r c  

.&xA-~~ .EAY~  ~ CHECKED BY --p--.p.. 9ATE 



FLCKlD CONTaOL DISTRICT OF MARICOPA COUNTY 

@ R E C T  / / ~ ~ R D C O G I T  & . ~ 6 r /  /%/MAC G~~~ OF 7 
1-PA ,j[: k ~ \ ~  ., 5- 6RAPX APPL ICLLTA&L- C O M P LI 'TED D A T E  

E . z n ~ ? ~ t  - * 5 CHECKED B Y  . Q A T E  

$ 
I-: 



F L W D  CONTROL DImICT OF MARlCOPA COUNTY 

,-I >,.. ,: v ,-.::. 4 ' ; 5-6 R 2 b + I Y ~ Z 2 g d S l  CCl.4PLJTED t >  :(ATE 

EX- .. - -- -- 7- r CHECKED Bv  D A  ,t 





=.... I . . * . l . L . L * . . . . ~ . l f r . . . . . ~ ~ . * ~ . . . ~  

U 5 ARNY CORPS OF ENG:NEERS ' 
+Y!IROLOGIC ENGINEERING CEh:ER . 

6OF SECOND STREET 
D A V r S ,  C A L I F O R N I A  15676 

( 9 1 6 )  756-110L - 

rxxx 

X  
Y X k X X X  

XXXXX 
X X  
X  
X  
X  
X  X  

X>.XXX 

x x x x x  

X  
x x x  

riii?, IP!lffiWn REPLACES A L L  PREVZCUS VERSIONS OF r l i C - l  KNOWN AS H E C l  ( J A N  7 3 ) .  H€C!SS. HEClDB,  AND H E C l K U .  

THE D E F I N I T I O N S  OF VARIABLE5 -RT IMP-  AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1 9 7 3 - S T Y L E  INPUT STRUCTUFE 
THE D E F I N I T I O N  OF -AMSK'<- ON RM-CARD WAS CH.aNCED WITH REVIS IONS DATED 28 SEP 81.  T H I S  I S  THE FORTRAN77 VERSION 
HEW OPTIONS:  OAMEREAK SLITFLOW SUERERGENCE . 1 I N S L E  EVENT CAllAGE CALCULATION, C 5 S : u R I T E  STAGE FREQUENCY. 
DSS:READ T I M E  SERIES AT  DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT !NF IL?RATION 
K:NERATIC WAzdE: bEW F I N I T E  D i i i E R E N C E  r L G O l i T H M  



hEC- !  !NPdT PAGE 1 

. . . . . .  . . . . . . .  . . . . . .  . . . .  ILINE :?. . . .  t 2 . . .  3 4. 5 . . . . . . . 6 . . . . . . . 7 . .  8. . ?  10 

I SAI~PLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE 
2 i D  HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY ........................................................................... 
3 I D  EXAMPLE #5 S-GRAPH APPLICATIONS ........................................................................... 
+ IT 10 300 
5 i O  5 

B G I N  BAS-A 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR T H I S  B A S I N  
L= 27456.0 L e e =  15840.0 S= 269.0 Kn= ,040 LAG= 56.5 
PHOEhIX  MOUNTAIN S-GRAPH UAS USED FOR T H I S  B A S I N  
5.19 

1 5  
S A I N F A L L  OEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 
AN AREAL REDUCTION COEFFIC IENT OF .959 UAS USED 
3.26 

THE FOLLOWING PC RECORD USED A 6-HOUR R A I N F A L L  WITH PATTERN NO. 2.35 
. O W  ,011 ,017 ,027 ,039 ,049 .OM) ,070 0 8 0  ,091 
,104 ,118 ,139 .184 ,270 4 5 8  ,685 ,822 .889 ,929 
,919 ,962 .974 ,988 1 . W  
'. 25 .35 3.50 .25 10.00 
309. 790. 1682. 2302. 3 3 W  2382. 1788. 1508. 1244. 963. 
163. 6 6 6 .  482. 383. 336. 237. 208. 151. 151. 89. 
59. 59. 59. 59. 59. 59. 0. 0. 0. 0. 
G .  0. 0. 0. 0. 0. 0. 0. 0. 0. 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK T I M E  OF AVERAGE FLOU FOR MAXIMUM PERIOD B A S I N  MAXIMUM T IME OF 
OPERATIOh C TATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
3618. 4.67 908 229 1 1 1  5.19 

"" NORMAL END OF HEC-1 



/-I FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 



FLOOD CONTROL DISmICT OF MARICOPA COUNTY 
PROJECT . l ~ f P t o ~ ~ ~ . j c ~ s h n /  d a d r r k  PASE L OF Z 

,~ .~ ,. -- 
. a: r . .~! .  -EXR~CIPLE #-6 COMPUTEC L ' A  i t  

KL~EMA rtc ~8 t c  ~ ' 0 0 7 ; t n " ~ i .  L H E C K ~ D  - - B Y  D A  .. I E  



* U . S .  A h A l  CORPS OF FNGiNECR5 * 
* 'iV@ilOL.Oij!C 6WGlNEEHING CZNTE;: * 

6 0 9  SECONC STREET 
DAVIS ,  C A L I F O R L i A  9 5 6 1 6  

(9!6: 7 5 6 - 1 1 0 4  

x  X Y*XXP%X XXXXX X  
X  i x  X X  XX 
x X X  4 x 
xxXXXYX XXXk x XXXXX x 
x X X  1: X 
X  X X  E X  X 
x X XX*X*XX YXXXX XXX 

iH:S PHOGK'.i{ PICPLACES ALL. PRLViOUS VERS!ONS OF H E C - I  *NOUN AS H E C l  ( J A N  731, h E C I G S .  HECIGB, AND k E C 1 L Y  

l U r .  .,.,. D E F i t i I ' I ' l S k S  CF YAi(IAel.65 - R l I M P -  AND -RT IOR-  hAVE CHANGED FROM THOSE USED U l T H  THE 1 9 7 3 - S T Y L E  INPUT STRUi i I !P i  
I H F  DCFI !< IT lON OF -AXSKY- ON RM-CARD UAS ChANtED 2 1 T h  R E V I S I O N S  DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
Y E Y ' 3 P T I O N ?  DPUBREAK JVI'LOU SUBMERGENCE . S I N G L E  EVFNT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS'READ r:ME C l f l i E s  A r  DES1RED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
KIhF114TTC ' I A V E :  iiElli F l N I l - E  DIFFERENCE ALGORITIIM 



r lEC-1 !NCUi  PAGE 1 

L I N E  I b  . . . . . .  1 . . . . . . .  2 . .  . . .  3 . . . .  . . 4  . 9 . .  . 6 . . .  7 . .  . . .  8 . . . . . . .  7 . .  1 2  

1 LC SAMPLE HEC-1 RUN USING T E C h N i W E S  OUTLINED !N THE 
c I D  HYDPOLOGIC DESIGN MANUAL ............................................................................... 
3 I D  EXAMPLE P 6 - K I N E M A T I C  WAVE ROU-ING ............................................................................... 
6 I T  5 100 

-. . . . .  
KM COMPUTE PEAK DISCHARGE AT THE OUTLET OF B A S I N - A  
KM &HOUR R A r N F A L L ,  PATTERN NO. 1 .87  'VAS USED TO F I N D  TC 8 R FOR T H I S  B A S I N  
KM ABOVE PATTERN NO. BASED ON A TOTAL UATERSHED AREA OF 2 . 3  SC. R I L E S .  
KN T H I S  3 A S I N  USED R A I N F A L L  REDUCTION FACTOR OF 98 
BA 1.800 
I N  15 
KM R A I N F A L L  'DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOUN BY THE P B  HECORD 
PB 3.326 
KM THE FOLLOWING PC RECORD USED A 6-HOUR STRDM WITH A PATTERN N o .  OF 1.09 
PC MO . W9 ,016 ,025 ,034 ,042 ,051 ,059 ,067 ,076 
PC ,087 100 ,120 ,160 ,240 . i 4 3  ,710 ,845 9 0 4  ,939 
PC ,951 ,964 ,976 ,188 1.OW 
LG .170 ,280 7.000 .3W 1 2 . W  
UC ,817 ,440 
UA 0 3 5 8 : 2 20 43 75 VO 96 
UA 1W ............................................................................... 
KK ROUTE 
KM ROUTE THROUGH BASIN-B  USING K I N E M A T I C  WAVE ROUTING 
*o 1 2 - 
OK SVb6 6 0008 015 TRAP 30 75 

COMPUTED K I N E N A T I C  PARAMETERS 
V A R I A B L E  T I M E  STEP 

( D T  SHOWN I S  A MINIMUM) 

ELEMENT ALPHA M D T  DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

( N I N )  ( F T )  (CFS)  ( M l N )  ( I N )  (FPS)  

M A I N  .36 1 .58 2.76 1988.80 1673.96 201.12 1.56 12.66 

C O H T I N U l T Y  SUMMARY ( A C - F T )  - INFLOW= .1699E+O3 EXCESS- . W O O E m  OUTFLOW= .1499E+03 B A S I N  STORAGE= ,2637140 PERCENT ERROR= - .2  

INTERPOLATED TO S P E C I F I E D  COMPUTATlON INTERVAL 

M A I N  .36 1 .5B 5.00 1670W 2LU).OO 1.56 



; ,. , .. ;...L. *~ , i o j  CliiiFL3Li 

2 vj . . 
3 ,:.a, i bi!z 8 0 0 .  1M3. 

P E R  
, I  -........ . '." - ~ 

30.  i 
3 1 . 1  . . . . .  . . . .  . . . , , , , . . .  
32.1 
1 3 . :  
34.1 
35.1 
36 .1  
3'. I  
38 .1  
39 .  I 
40 .1  
41 . I .  . . . . . . . . . . . . . . . . . . . . . . . . 
42.1  
43 .01  
44.01 
45 0 I  
4 6 . 0  I  
4 7 . 0  I 
48. 0 I  
49. 0 I 
50. 0 2 

51 . . . . . . . .  3 . . . . . . . . . I . . . .  . . . .  
52.  L I  
53. . O  
54 
55.  
56. 
57. 
56. 
59.  
60 .  
6 1 . .  . . . . . . . . . . . . . . . . . . . . . .  I . .  
62. . I  0 
63 I .  0 
64 .  . . 0 .  
65 .  1 . 0  
66. I c .  
67 I .  0 
68.  . i . 0  
69 .  . 1 0 .  
70 .  I  0 
71. . . . . I .  . 0 .  . . . . . . . . . . . . . . . . , , . 
72 I .3 
73. 1 0  
74 .  1 0 .  
75 .  1 0 . 
76.  1 0  . 
77.  1 0  
78. I 0  . 
79. 10 
80. I 0 
8 ~ . 1 0 . . , , . . , ,  . . . . . . . . . . . .  
8 2 . 1  0 
8 3 . 1  0 
84 .  I0 
85 .10  
861 0 
8710 
8810 
8910 
9010 
9110 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9210 
9310 
94 i 
95 1 



RUNOFF ;urni;r 
FLOG iY CUBIC FEET 'ER SECOND 

T I M E  1~ HCURS, AREA iN SQUPIE M!LES 

PL4K T I N E  OF AYERAGE FLOW FOR MAXlM'Jfi PERIOD BAS!N aAX;MU% T I M E  OF 
O X R R T i O N  S i A i I D N  FLOW PEAK ARE4 SrAGE MAX STAGE 

5-HDIJR 2L-HOUR 72-HOUR 

HY3ROGRAPH AT 
RAS-A 1 6 8 2 .  4 . 5 8  3 0 1  2 2 0 .  2 2 0 .  1 . 8 0  

'IOUTED TO 
ROUTE 1 6 7 0  4 . 6 7  3 0 1 .  2 2 0  2 2 0  1 . 8 0  

SUMMARY OF K!NEMAT!C UAYE - M'dSKINGUM-CUNGE ROUTING 
(FLOW I S  D IRECT RJNOFF WITHOUT BASE FLOW) 

INTERPOLATED i C  
COMPUTATION INTERVAL 

ISTAQ ELEMENT Dl' PEAK T IME TO YOLUfiE DT PEAK T I M E  TO VOLUME 
PEAK PEAK 

( K I N !  (CFS)  ( M I N )  (113) ( U l N )  (CFS)  ( N I N )  ( I N )  

ROUTE MANE 2 7 6  1 6 7 3  91 2 8 1  2 2  1 2 6  5 . 0 0  167O.OC 2 8 0 . 0 0  ! . 5 6  

, : i j n ~ i ~ ~ ! ~ v  SUMMARY (AC-FT)  - INFLOW= 1 4 9 9 E 1 0 3  ZXCESSs .OWOE+OO CLITFLOV; .1L09E+03  B A S I N  STORAGE= . 2 5 3 7 E + 0 0  PERCENT ERRORz - . 2  



FLOOD CONTROL DISTRICT OF MARIGQPA COUNT1[ 
;I ' I PR!-L!f,CT ~ V ~ ~ C L L , O ~ ~ ~ C ~ . ~ . ~ ~ S ~ . S ; ~ / . . ~ ~ - ~ / U ~ _ L  .. , AGE OF .. 

, %AMPLE 7 
I .  . tz COl\nP!J'F€D ... >ATE 

- .- -- - - . .  CI!ECKED B'f - _  3bT'L -~ 

SCENARIO : DFVEL~P Hu5f/niGu~f ,QOUT/NG PARAN E rt-R 5 F-QR 

TME PRIMARY CHANNEL /N SUBBAS/N 2, U S E  
/ d E c - i  ?T GENFRATE A F L O O D  X Y D R O ~ ~ A P ~ ~  A T  

C O A J C E N ~ & A T I O ~ /  PO/NT A ,  7h'EM ROUT€ /7 F-ROP-! 

fb/dT A TO Po/AIT B. 

5TEP f : 
,---. . . DEVELOP /Li'U5X/NGUM PARAIYETER.Z 

A S S U M P  A N  AV€RAC;E C H A N N E L  X - S € C 7 / O n /  F O i ?  ?'*A'< P/?/ / - /ARY 

c-MAMN€L /N 5UBBAS/M * : 

A.  C A L C U L A T E  7h'S A V E R A G E  VFLOC/TY ffs/NC; A~AA/NI~JG'J- Ebbv:. 

A =  ( b + z y ) y  z ( z r + - ( ~ ) ( z ) ) z  = 34 #f2 

P =  b + 2 3  ( / + E ' ) ~  = Z . ~ + ( Z ) ( Z ) ( / +  -30.66/Z. 

R =  A/p = s 4 f t 2  /30.66 Ff = /.76/ ff 

S =  (!250'-//90]/ ( i . 2 5 ~ ~ '  X aF280fC/mL) = O"OCc?/ '"'&i 

71 = 0 .0YO 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PR3.!ECT - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PAGE -2 3F 2 
fFrANFLF -Q ' i E i A I c  . COMPUTE? DATE 

- -- : .--, . __-~_......_....p_.-_~~~.~-~~~- ~- _ . . ,KED B? DATE 

0. EST/MATE FLOODWAVE V E . ~ O C / T ~  CVn) : 
S I N C E  A W ! D E  7-Rd P F z ~ / D P I L  C h ' A N U F L  /S OLCSJ- A P P R O  Y ~ N A T F D  

A W I D E  RECTANGULAR C H A N N E L ,  C ~ O O S E  V W / V  = L 6 7  FROM 

TffE ?-A aL € /& SECT/o# 7. 6. D,  
V m :  / . 6 7  V = /.~7(5:18 '%)= 8.65 '7; 

C. C A L C U L A T E  : 

D. E S T I M A T E  X : 

S I ~ C F  THIS /S  A H I D E ,  SHALLOW C.4AAJNEL W / T N  

A LOW SLOPE,  C N O O S C  X ' 0 . 2 0  

N-5 Tf's NUS 7- BE W I TH/N THC ,GO LL c w'//\IG L 1 n : T .  : 

.- STEP 2 ' EHT.K THg C ~ L C U L A T E D ~ ~ U ~ K I A / G U I Y  ~ A R A M K T E E S  
/N7-d A N  U E C - I  F ILE O N  I f  R M  C A R D ,  AS /n/ 
THE F O L L O M / / W +  E X A H P L E .  H A N D  C A L C U L A T I O N  
PA'UC€DURKS F O R  TM/5 NETHOD C A N  5 €  FOUND IN 
i-iosr H Y Y D R L ~  4 r  TSXT-BOOKS. 



n Y 
X X  
X X 
Y X X X X X X  
x X 
X X 
X r 

X % 
X X X X X  

x x x x x  

=*. ".*......*........*.+..,..*,.",..*. 
* U . 5 .  ARMY CORPS OF ENGINEERS 
" dYDROLGGlC ENGINEERING C i N T E R  " 

6W SECOND STREET 
D A V I S .  CAL IFORNIA  9 5 d l d  

( 9 1 6 )  7 5 6 - l l O L  

**.* ~*.*,.....*.~.*..~~......**~.-~...~ 

i d i S  PROGRAM AEPLPC'S A L L  PREVIOUS VERSIOHS OF dEC-1  KNOWN AS HECl  ( J A N  7 3 ) .  HEC1GS. HECIDB, AND HECIKU 

THE ;IEFIN!TIONS OF ' IARIbBLES -RT IHP-  AND -RT IOR-  HAVE CHANGED FROM THOSE USED WITH THE 1 9 7 3 - S T Y L E  INPUT S T R U C T u k I  
' IHL D E F l N l T l O N  OF -AHSKK- ON RM-CARD WAS CHANGED WITH REVIS IONS DATED 28 SEP 8 1 .  T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAHBREAK OUTFLOU SUBMERGENCE . S INGLE EVENT DAMAGE CALCULATIDN. DSS:YRITE STAGE FREQUENCY, 
DSS:READ T I M E  SERIES AT  DESIRED C A L C U M T I O N  INTERVAL LOSS PATE:GREEN AND AHPT I N F I L T P A T I O N  
K I N E M A T I C  WAVE 4EU ' I N I i E  DiFFERENCE ALGORITHM 



PAGE 1 

13 SAMPLE HEC- I  RUN USING TECHNIQUES OUTL!NED I N  THE 
I D  HYDROL0G:C DESIGN UANUAL W R  MARlCOPA COUNTY ............................................................................... 
I 3  EYAMFLF. P 7 - UUSKINGUM ROUTING ............................................................................... 
:T 5 300 
I 0  5 

KK INFLOW 
KN s U B . 8 A s l N  A, COMPUTE INFLOW HYDROSRAPH 
<M 6-HOIIR RAINFALL ,  PATTERN NO. 1.99 WAS USED TO F I N D  TC 8 R T I R  T i i i S  = A S I N  
K i H i S  B A S I N  USED R A I N F A L L  REOUCTION FACTOR OF ,975 
[iA 2.750 
I N  15 
KM R A I N F A L L  DEPTh OF 3.50 WAS SPACIALLY REDUCE0 AS SHOWN BY THE PB RECORD 
PB 34ii 
KM THE FOLLOWING PC RECORD USED A 6-}(OUR STROM WITH A PATTERN No. OF 1.99 
PC . O W  ,009 ,016 025 014 ,042 ,051 ,059 ,067 .076 
PC ,087 . 1  W ,120 I ,252 ,450 6 9  ,818 ,900 ,918 
PC ,950 ,961 ,975 ,988 1.W 
LG . 2 W  .I50 4 . 3 W  ,250 6.5W 
UC ,400 ,205 
UA 0 3 5 8 i 2 20 43 75 90 96 
UA ?W ............................................................................... 
<K ROUTE 
K I  ROUTE INFLDW HYDROGRAPH THROUGH THE ROUTING REACH 
KO 1 2  
RM 2 , 2 1 2  .20 
z z  



*..* .,,".,. .+ire t.) *** I** *I.;, ,>;* , ,**  .;,* *"* >** *** a", *, <. a," *,* *** A** +b<# *** ++~. *v: *", + . a *  *=* **. -4,. >,,a* .v* 

_i ..+-*.<- r * I  ",.( 

6 ER :!?PLOW 

<~*.tr%.,**,,,~.****+ 

COMPUTE i!+i!.Cb' mDRWI(APA 

PRSCIPITATION DATA 

:S S T O W  ' 3 . 8  I BASIN TOTPL PRXCIPITGTOB 

14 iG C-PLEY AND M T  L j S S  ?ATE 

STRTL .20 STARTING LOSS 

DTH .35 MOISTdRE DEYXCIT 

? S I P  4.30 WETTING FRONT SUCTION 

=SAT .25 b-IDRAULIC CONDUCTIVXR 

R T I W  6.50 PERCENT IEiPERVXOUS AREA 

.~ . > L C J I I R R  U N I X W d  

TC . :O TIN? OF CONCENTRATION 

il . Z O  STORAGE COEFFICIE1(T 

16 LA ACCLNV!ATE?-AREA VS. SIKZ, 11 ORDINATES 

.0 3.0 5.0 8.0 12.0 20.0 4:.3 75.0 1 0 . 0  16.11 
, .LL.: 

*** 
UNIT KYDROGWE OARAKETERS 

CLARK TC- .4O HR. R- .20 HR 

SNYDER TP- . I 4  HR, CP- .88 

UNIT BPDIICGRAPH 

16 END-OF-PERIOD ORDINATES 

109. 605. 2046. 4185. 4534. 3290. 2178. 1442. 955. 632.  

119. 277. 184. 122. 81. 53. 

TOTAL Ri lVFPLL - 3.41,  TOTPL LOSS - 1.69, IOTAL EXCESS - 1.72 

PEPX PI.di CIHE ElAYMLM AVERAGE PLOW 

6-HR 24-KR 72-HR 6.17-FJR 

* ( C 2 3 )  !IiR) 

(CTS 

4 3e3i .  4.2.' 505. 492. 492. 492. 

(IXCZES I 1.709 1.709 1.709 1.709 

(AC-FT) 251. 251. 251. 251. 



i/ I**i/XII-li*.,i 

* 
j~ ~7 i(o;iTr 

* 
**i****+***i** 

ROUTE ;PFl.OW iliDROGWH TiiROUGH A &OUTING PZACH 

2 0  KO OilTPUT SONTXOL VaBI63LZS 

i P W T  1 PRINT CONTROL 

IPLOT 2 PLOT CONTROL 

QSCAL 0. EDROCRAPE PLOT SCA!,F 

5 1  R?! MUSKINGLX ROUTILIG 

NSTPS 2 NLWBER OF SUBREACHES 

AEISF.2 . 2 1  WJSKINGLW R 

X .20 fl!SKINCUM X 
*******i<l*iii*ll.r**~*r**%k*~~***-*****i*************************************~************~*"*~~********~*~***~k,~*~~*****~**~****~*~~<~~~~ 

HYDROGRAPH AT STATION ROUTE 
* , ~ * * * * > ~ : * * * * * * * 1 - * * * * * * i * * r * * * * * * * * * r r * r r r r * * * * * r * r r * * * * * * * * r * * * * * * * * r r i * i * * * * r r , - * , * * * " * * ; - r ~ ~ * * r i r r * r * ~ * ~ , , ~ ~ * * , ? ~ *  

DA MON 3LHX O?L5 FLOW * DA %ON HFW ORD FLOU * DA nO!l HUE4 ORD ?LOU DA NON ERblN ORD FLOV 
* 

12  JUL 0000  1 0 .  i Z J U L 0 1 3 5  2 0  13.  * i 2 J U L 0 3 1 0  39 20. 12 ;U!. 0 4 4 5  5 8  2 4 1 9 .  

I ?  J i l i  0305 2 0 .  12 JUL 0140  2 1  13. * 1 2 J U I . 0 3 1 3  40  23.  * 12  JUL 0 4 5 0  5 9  1941 .  

:2 :L!. 0O:O 3 3 .  12 JUL 0145  2 2  13.  * 12 JUL 0320 4 1  26.  * . :';!. 0 4 3 5  60 1502.  

12 JIJ. 0015  4 I) * 12 IUL 0150 23 13.  * 12  JUL 0325 42 32. + ..' J l !  3 5 0 0  6 1  1124 .  

12  J3L  (135.0 5 ! " 12  JUL 0155  24 13. * 12  JUL 0330 43 40. * . .:!!T. 0 5 0 5  62 811 .  

12  JUL 0025 6 . * 12 JUL 0200 23  13.  * I 2  JUL 0335  44 5 7 .  .i J7Yk 0 5 1 0  63 5 7 5 .  

1 2 J U L 0 0 3 0  7 r .  * 12 J U L 0 2 0 5  26 13. * 12  JUL 0340  45 93 .  ? Z  JCL 0 5 1 5  6 4  398 .  

12  JUL 0035 8 6 .  : Z J U L U Z l O  27 13. * I 2  JUL 0345 46 178.  * 12  :DL 0 5 2 0  6 5  270.  

:2 JUL 0040 9 8 .  I 2  JUL 0215 28 13.  * 1 2 J U L 0 3 5 0  47 355 .  * 12 JUL 0 5 2 5  66 181 .  

12  JCL 0045 10  9 .  * l Z J D L 0 2 2 0  29 1 3  * 12 JUL 0355 4 8  685 .  1 L2 J3L  0 5 3 0  67 12:. 

12  JUL 0050 11 10.  12  JUL 0225 3 0  1 3  * 12  JUL 0400  49 1184. * 12 JUL 0 5 3 5  4 8  8 2 .  

12  J U i  0055 I 2  11 .  * 1 2 J U L 0 2 3 0  3 1  1 3 .  * 12  JUL 0405 5 0  1775. * 12  JUL 0 5 4 0  69 5 6 .  

12  JUL 0100 13  12.  * I 2  JUL 0235 3 2  13.  12 ;UL 0410 5 1  2375.  * 12 J3L 0 5 4 5  70 40 .  

!2 JUL 0105 14 12. 12 J'VL 0240 3 3  14.  * I 2  JUL 0415  5 2  2925.  * 12  SUL 0 5 5 0  7 1  31 .  

12  JDL 0110 15 1 3  * 12 JUL 0245  34 15. * 12  JUL 0420  5 3  3348.  * 12  J J L  0 5 5 5  72 25.  

12  JUL 0115 16 1 3  1 2 J U L O 2 5 0  3 5  15. " 12  JUL 0425  5 4  3550.  " 12  2UL 0 6 0 0  7 3  22.  

i? JUL 0120 17 13. 12  JUL 0255 36 16.  ' I 2  JUL 0430  5 5  3499 .  * I 2  JUL 0 6 0 5  74 21.  

1 2  JUL 0125 18 14. ! ?  JUL 0300 3 7  17.  * 12  JUL 0435 5 6  3254. * 12  JUL 0 6 1 0  75 20 .  

I 2  JUL 0130 1 9  1 3  * 12  iUL 0305  3 8  18.  * 12 JUL 0440  5 7  2879.  * 
* * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK PLOW TLVZ PLU(IW AVERAGE ?LOW 

6-HR 24-hiR 72-UR 6.17-HR 

r (CFS: ( 8 8 )  

(CFSI 

+ 3550 .  1 . 4 2  5 0 5 .  491. 491. 49:. 

(INCEES) 1 .706 1 .706 1 .706 1.706 

(AC-FT) 250.  250. 250. 250. 

CUPFjLATIVE AREA - 2.75 SQ M I  



RUNOFF S W R P  

FLOW I N  Cll3:C F E E T  PER SECOND 

TIME IN BOURS, ARt r l  IN SQUARr KlLES 

P'liui TLdE OY AVERAGE FLOW FOR >LAXIAWN PERIOD aM:N mxIm1 TINY 0 s  

UPEMTION STATIOLi FLOW P3AK 4 W  STACH YL'; STAGE 
6-IIOUR 24-HOUR 72-BWX 

HYbXDGiUPB AT I N F M l i  3835.  4 .25  5 0 5 .  492. h42. i.15 

;(OUTED TO ROIi?E 3550. 4 .42  505.  i 5 1 .  491. 2 . 7 5  

"'* N O W  END OB HZS-i **" 







FLOOD CONTROL DlSKtlCT OF MARICOPA COUNTY 

F'I3JECT i r u ' & k ! a ~ o ~ r ~  b ~ 3 / b d  &d&t P A C E  L OF -- L 

DET.2;L ExAIY(PL~ - *-8 COMPUTED --_...---.--_DATE 

'*.A c a , . "  Cud/ f ..!.-:LA, %LL= CHECKED B Y  DATE 

@ PEiofz To R u ~ n i r r l ~  THC HFL-1 ,%DL=C , C r / r t d ~ ~ ~  CAY~C/Ty H~LJ r C H ~ L ~ P D  

/a A5jYxE T/i,+r THE d C P T X  A d d  7HE S/PS 5 O P E  ? ~ D P & # ? L  y SL=LC'CTEJ 

Fa< /CLOW C~&~L; ) /ANCS.  O TtiFA W / S C ,  Tr/r M U S K I I ~ U P I - ( U ~ ( . E  ? R O C L ~ D L ( L ~  dlii 

A ~ ~ T ~ , ~ , + ~ / ( , + L L ~  F X T Z ~ D  C H ~ ~ A F L  ~ O U N ' D A R I ~ S  To CorrlM/r/ T H E  F i a r f .  



6I:lOi' MrL'SOGiiAPH P A C Y G F  (L IEC- l !  * 
SEPTEMBER 19-;.0 

+ ' IERSION 0 

U S  ARUY CORPS OF EkGlNEERS . 
H i t l r l O l ~ O G I ~  ENGINEERING CENTER . 

609 SECOND STRFET 
>&C:S. C A L I F O R N I A  916:6 

X X XXXXXXX YXXXX X 
X X X  X X X X  
X X X  X X 
XXXXXX): xxxx X XXXXX X 
X X X  X X 
X X X  X X X 
X X X X X X X X X  X X X X X  XXX 

T t t I S  PROGRAM REPLAC'S A L L  PREVIOCS VERSIONS OF HEC-1  KNOWN AS H E C l  ( JAN 7 3 ) .  HEClGS.  HECIDB.  AND H E C l K U  

',.+IF O E F l N I T ! O N S  OF V A R I A a L E S  - K T l M P -  AND -RT IOR-  HAVE CHANGED i R O U  THOSE USED U I T H  THE ? 9 7 3 - S T Y L E  INPUT STRUCTURE 
T H E  D E F I N I T I O N  OF -hUSKK- ON RM-CARD WAS CHANGE0 U I T H  R E V I S I O N S  DATED 28 SEP 81.  T H I S  :S THE FORTRAN77 VERS!ON 
N E d  OPTIONS:  DAMOREAY O U i F L O U  SUBUERGENCE , S I N G L E  EVENT DAMAGE CALCULATION,  D S S U R i T E  ST"€ FREQUENCY, 
3 b S : a E A D  T I M E  S E R I E S  AT DESIRED CALCULATION INTERVAL LOSS RATE'GREEN AND AHPT I N F I L T R A T I O N  
X I N E M A T I C  WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 



E iNPL  PAGE 1 

I C  SAMPLE HEC-1 RUN U S I N G  TECHNIQ'ilES O L ~ ~ L I N E D  I N  T I E  
! 3  EYDROLOGIC CESIGN MANUAL ............................................................................... 
I D  EXAMPLE B 8 - MUSKINGUM-CUNGi ROUTING (URBANIZED CHANNEL) . I. . . . . . . . . . . . . . . . . f .~. .*. . . . . . . . . t . . .*. . .*. . . . . . . . .". . . . . . .*, . , .*~*.. .*.  

I T  5 1W 
10 ............................................................................... 
KK BAS-A  
KM COMPUTE PEAK DISCHARGE AT THE OUTLET OF B A S I N - A  
KM 6-HOUR R A I N F A L L ,  PATTERN NO. 1.89 WAS USED TO F I N D  TC & R FOR T H I S  B A S I N  
KM ABOVE PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2 3 SQ. M I L E S .  
KM T H I S  B A S I N  USED R A I N F A L L  REDUCTION FACTOR OF .98 
BA 1 ,800 
I N  15 
KM R A I N F A L L  J E P T H  OF 3 .40  UAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 
P B  3.326 - 
KM THE iTj l .LDUlNG PC RECORD USED A 5-HOUR STROM U I T H  A PATTERN N o .  OF 1.89 
PC ,000 ,009 ,016 ,025 ,034 ,042 0 5 1  ,059 .067 ,076 
PC ,087 1 0 0  ,120 ,160 ,248 ,443 ,710 ,845 ,904 ,939 
PC ,951 ,964 ,976 .988 1.000 
LG ,170 ,280 7.WO ,300 12.000 
UC ,817 ,440 
UA 0 3 5 8 12 20 43 75 90 96 
UA 1W ............................................................................... 
KK ROUTE 
KU ROUTE THROUGH B A S I N - B  U S I N G  MUSKINGUM-CUNGE ROUTING 
KO 1 2 
RD 5966.4 ,0008 ,015 TRAP 30 .75 
ZZ 

COMPUTED MUSKINGUU-CUNGE PARAMETERS 
COMPUTATION T I M E  STEP 

ELEMENT ALPHA M D T  DX PEAK TIME TO VOLUME MAXIMUM 
PEAK C E L E R I T Y  

( M I N )  ( F T )  ( C F S )  ( M l N )  ( I N )  ( F P S )  

M A I N  .36 1.58 5 .W 2983.20 1595.11 285.W 1.55 9.81 

INTERPOLATED TO S P E C I F I E D  COMPUTATION I N T E R V A L  

M A I N  .36 1.58 5 .Do 1595.11 285.00 1.55 

:ONTINU!T I  SUMMARY (AC-FT)  - INFLOW= ,1499EcOJ EXCESS= .OWOE+OO OUTFLOW= .14WE+O3 B A S I N  STORAGE. .1894E+00 PERCENT ERROR= . 4  .................................................................................................................................. 



S T R T I G L  ROUTE 

; , i O !  SLI'1:ILlW 
0. 200. i 03  ;W. 2:x.  !?:'a $200. l:,m 16N: : NY) 0. 0. 0. 

;IfitlRMN PER 
............................................................................................................................ 1OOM 1: 

10225 30.1 . . 
. . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  10230 31.1 . . . . . . .  , . . . . . . . . . . . . . . .  

10235 32.1 . . 
10240 33.1 . . 
10245 341 
10250 35. I . . 
10255 36.1 . . 
?0300 37.1 . . 
10305 38. 1 . . 
10310 39.1 . . 
10315 40.1 
10320 41.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10325 42. I . . 
10330 43.01 . . 
10335 44.01 . . 
10340 45.0 1 . . 
10345 46. 0 I . , . 
10350 47. 0 1 . . . 
10355 48. 0 I . . 
10400 49. 0 1 .  . . 
10405 50. 0 I . . 

. . .  10410 51.. 0 . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10415 52. .O I .  . . 
'10420 53. 3 . I . . 
10425 54. 0 . . x . . 
10430 55. . O  L . . 
10435 56. C . . . . 

'- 10440 57. " '  G. 1 . . 
10445 58. I 0  . . 
'I0450 59. 1 .  0 .  . . 
10455 60. I 0 . . 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  10500 6 1 . .  I . . . . . . . . . . . . . . . . . . . .  
roses 62. . I 0 .  . . 
:0510 63. I .  0 . . 

, 30515 64. I 0 
10520 65. 1 .  0 .  . . 
10525 66. . I  . O  , . 
10530 67. i . 0 .  . . 
10535 68. !, , 0 . . 
10540 69. I . O  . . 
10545 70. I 0 
10550 71 . . . . .  1 . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  
10555 72. I .  0 . . 
10600 73. I . O  . . 
10605 74. I 0  . . 
10610 75. I 0. 
10615 76. 1 0  . . . 

10620 77. 1 0 . . . 
10625 78. I 0 . . . 
10630 79. 1 0 . . . 
10635 80. I 0  . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10640 81.10 
10645 82.1 0 . . 
10650 83.10 . . 
10655 84.10 . . 
107W 85.10 . . 
10705 8610 . . 
10710 8710 . . 
10715 8810 
10720 8910 . . 
10725 901 . . 

. . . .  10730 911 . . . . , . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10735 921 . . 
10740 931 . . 

10745 941 . . 
i0750 951 . . 



RUNOFF ZUMHPRY 
'LOL Ill ;dB!': FCET i8:2 SECOiiG 

T I K E  I N  :IC'JSS, :!l<Ch !N CQ3hRE M I L E S  

P t A K  T;ME r ) 5  :VERAGE i L O U  ic?R MAXIMUM PERIOD E A S I N  MPXIMUM T I M E  OF 
i T  I C N  STATION FLOW P i 4 K  AREB. STAGE MAX STAGE 

6-HOUR ?I .HOUR 72-HOUR 

ROUTED TO 
ROUT L 1 5 9 5 .  4 . 7 5  2 9 9 .  2 1 9 .  2 1 9 .  1 . 8 0  

SUMMARY OF K I N E M A T l C  WAVE - YUSKINGUM-CUNGE ROUTING 
(FLOW I S  D I R E C T  HLINOFF 'JITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

I S T A O  ELEMENT I:T PEAK T I M E  TO 'VOLUME 37 PEAK T I M E  TO VOLUME 
PEAK OEAK 

(II'Li) (CFS! C H I N )  ( I N !  CHIN)  (CFS)  ( H I N )  : I N )  

POUTE M4NE 5 . W  1 5 9 5 . 1 1  2 8 5 . W  1 . 5 5  5 . 0 0  1 5 9 5 . 1 1  2 8 5 . W  1 . 5 5  

CONT!NUITY SUMMARY ( A C - F T )  - INFLOVS . 1 4 9 9 E + 0 3  EXCESS- .DO@OEffiO OUTFLOW= 1 4 9 0 E + 0 3  B A S I N  STORAGE- . 1 8 9 4 E + 0 0  PERCENT ERROR. 

NORMAL END OF HEC-1  



?.':c:, !),PUT , , 
PACE i 

I D  SAMPLE HLC-1 RIJN U S I h G  TECHNIQUES OUTL lNED I N  T l iE  
il riV'GiiDLOGIC D E S I G N  MAKL'AL ............................................................................... 
IU iX2MPI.E P 8 - MLISKINGUM-CJNGE ROUTING (NATURAL CHANNEL) .. **.t..f.......t****.ll......**...~*..........**~..k*~.......* ........... 
I T  5 1 OC 
10 5 ................................................................................ 
K d  $AS-A 
KM COMPUTE PEAK DISCHARGE AT THE OUTLET O F  B A S I N - A  
YM 6-*OUR R A I N F A L L .  PATTERN NO. 1.89  WAS USED TO F I N D  TC S R FOR T H I S  B A S I N  
KM AUO'JEPATTERN NO. BASED ON A T O r A i  WATERSHED AREA OF 2 . 3  SO. M I L E S .  
KU T H I S  B A S I N  USED R A I N F A L L  REDUCTION FACTOR OF .98 
BA 1.800 
I N  15 
XM ' i h i l ~ F A i L  DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE P B  RECORD 
FR 7 326 ~ 

KM i i i E  FOLLOWING P i  RECORD IJSED A 6-HOUR STYOM WITH A PATTERN NO. OF 1.89 
OC ,!K)O ,009 ,016 .025 ,034 ,042 ,051 ,059 .067 .076 
PC .087 ,100 ,120 1 ,248 ,443 ,710 ,845 W 4  .939 
PC 5 ,964 ,976 ,908 1.000 
i G  170 2 8 0  7.000 ,300 12.000 

I 2  U P  100 ... *U..*f..*.**...*....*...lttt.......*.....*..*.*....*..*...~..**,.. 

13 1:K kOUTE 
14 xM W u T E  THROUGH B A S I N - B  USING MUSKINGUM-CUNGE ROUTING 
25 KG ? 2 

CROSS-SECTION DATA 
--- L E F T  OVERBANK --- + ------ M A I N  CHANNEL - - -----  + --- RIGHT OVERBANK --- 

29 HY E L S V A T I O N  84.00  81.00 7 9 . W  7 5 . m  75 .00  79 .00  81 . W  8 3 . 5 0  
28 RX DISTANCE 200.30 210 .W 220.00 230.00 260.00 270.W 280.00 290.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE . W 1 . 7 9  3.70 5.74 7 . 8 9  10.17 12.57 15 .09  1 7 . 7 3  26.49 
OdTFLOY .00 8 . 6 2  27.65 54.97 89.89 132.07 181.39 237.79 301.29 371.94 

ELEVATION 75.00 75.42 75 .04  76.26 76.68 77.11 77 .53  77 .95  78 .37  78.79 

STORAGE 23.39 26.51 29 .85  33.49 37 .35  41.43 4 5 . 6 9  50.13 54.74 59.54 
OUTFLOU 155.95 554.26 661.44 777.84 903.73 1039.76 1185.64 1341.30 1 5 W . 8 3  i682 .33  

Ei.EVATION 7 9 . 2 1  7 9 . 6 3  80.05 80.47 80.89 81.32 81.74 82.16 82 .58  83.00 

COMPUTED MUSKINGUM-CUNGE PARAMETERS 
COMPUTATION T I M E  STEP 

ELEHENT ALDtlA fi DT DX PEAK T I M E  TO VOLUME MAXIMUM 
PEAK C E L E R I T Y  

( M I N )  ( F T )  (CFS)  ( M l N )  i l N )  ( F P s )  

INTERPOLATED TO S P E C I F I E D  COVPUTATION INTERVAL 

MAIN 5.00 1287.13 295.00 1.51 

C U N T I N U I ~ Y  SUMMARY ( A C - F 1 )  - II1Fi.OL':. .149QE+03 EXCESS- .WOLlE+00 OUTFLOW= ,1452EIQ3 B A S I N  STORAGE= 5 6 8 5 ~ 1 0 0  PERCENT ERRORr 2 . 7  ............................................... ".**.,...,,*.*.*~.~.....*.*...*.......*...*..*.*"..*.*..*...-..**..*~.**...*+***+-+-*' 



STATION ROUTE 

(I) INFLOW, ( 0 )  OUTFLOY 
0 .  :GO $00. aOC 800 



i iUNOFi SUMMARY 
F i O U  ! t i  CUBIC FEET PER SECOND 

T l H E  !P HOURS, *REP I N  SQUARE M I L E S  

PER% i l l E  i l F  nUERAGi  FLOW ?OR MAXIMUM PER100  8 A S I N  MAXIMUM T I M E  OF 
OPERA? I O N  STAT iO l<  FLOk PEAK AREA STAGE MAX ST,!GE 

6-HOIJR 2 4 . - ~ 0 U R  72-HOUR 

HYDRCGRAiH .A1 
+ BAS-A 1 6 8 2 .  4 . 5 8  3 0 1  2 2 0 .  2 2 0 .  1 .BO 

ROlJTEO li) 
+ ROUTE 1 2 8 7 .  4 . Y 2  2 9 1  2 1 3 .  2 1 3 ,  1 . 8 0  

SUMMARY OF K INEMATIC WAVE - MUSKINGUU-CUNGE POUTING 
(FLOW I S  D I R i C T  RUNOFF WITHOUT BASE FLOW) 

INTERPCLATED TO 
COMPUTATION INTERVAL 

I S T A Q  ELEMENT DT PEA< T I M E  TO VOLUME DT PEAK TIME TO VOLUME 
PEAK PEAK 

( M I N )  ( C i s )  ( M I N I  ( I N )  [ M l N )  (CFS) ( M l N )  ( I N )  

ROUTE MANE 5 . 0 0  1 2 8 7 . 1 3  2 9 5 . W  1 . 5 1  5 . 0 3  1 2 8 7 . 1 3  2 9 5 . W  1 . 5 1  

CONTINUITY SUARARY (AC-F?)  - IHFLCW; . 1 4 9 9 E + 0 3  EXCESS. .GOOOE+W OUTFLOW= . 1 4 5 2 E + 0 3  B A S I N  STORAGE; .56831+CO PERCENT ERP.04~  1 

*I* NORMAL END OF HEC-1 "* 









2.rainaca D e s - g n  .\.ianagement System f2r Windows, Verslrn 1 . 5  
L:lsci::.at;on I n s r l - ~ c t i o n s  

I! I n s e r t  :he 2CMSW CD i n  t h e  CD d r i v e  ( h e r e  deno ted  a s  X:). '.'he CD c o n t a i e  
a n  a u t o r u c  f i l e  and i n s t a l l a t i o n  s h o u l d  Eeg in  a s : o m a t l c a i l y .  I f  no r ,  from 
t h e  S t a r t  nenu,  t y p e  X:\DDMSW\Setup a t  t h e  RUN co,mand i s c b s t l ~ u c e  ycu r  C3 
d : : ~  l e t y e r  f s r  X )  . 

2 )  FcLlow En? l n s t r u c t i o n a  on t h e  s c r e e n .  Once i n s t 2 l l a t l - n  b.as finished, 
s r ~ r t  t ? e  p rog ram by d o u b l e - c l i c k i n ?  on t h e  DDMSW i c o n .  You will r e c e l v e  
th? i > l l c w i n g  message :  

. C l i c k  O K .  
4 )  Nex t ,  yoS.1 w i l l  s e e  t h e  f o l l o w i n g  s c r e e n :  

5 )  C l i c k  "I  Agree"  





6 )  NexL, y o u  ~:11 see the foliowing screen: 

7 )  Click the Exit 





2 ;  :+x:, y<:,u u.11 lee the foilswicg screen: 

9 )  Click OK. 
10: From the pulidown menus at the top of the main DDMSW screen, choose 

FILE i SETUP. You should see the following screen: 

I l l  To use the DDMSW help files, you must have Adobe Acrobat installed on your 
system. Included in the DDMSW installation is the setup file for Adobe 
Acrobat 4.0, or you access the free download from www.adobe.com. 





121 Sf yu?l do not have the Adobe Acrobat Reader, yo81 c a n  u s e  t h e  ins:alia:lon 
f i l e  ::tat ,,,=s i i ~ c l u d e d  i n  t h e  s e c c p .  Go t o  C:.DDMSW\ADOBE\ and  r u n  r h e  
s c r - J p  f i l e  " r s40eng .e j r e "  3nce  Acrobat  i s  i n s t a l l e d ,  t y p e  C:\PROGMN 
FILES\?.DGBE\~.CXOEAT 4.O\REAnER\ACRORD32.EXE i n  t h e  Help Reader b l o c k ,  a* 
shown i n  t h e  above  s c r e e n s h o t .  Nore: The e x a c t  p a t h  J a y  d i f f e r  from whar 
i.s show?. I f  so ,  t . p e  i n  t h e  c o r r e c t  p a t h ,  o r  u s e  t h e  3rowse o p t i o n  ( t h e  
b u t t o n  ui!:h t h r e e  a o t s )  t o  f i n d  t h e  c o r r e c t  p a t h .  

13) If you alreadjj have Adobe Acrobat Reader i n s t a l l e d  on your system,  t y p e  i n  
rha c o r r e c t  f l l e  p a t h  i n  t h e  "Help Reader"  b l o c k ,  o r  u s e  t h e  3rowse  o p t i o n  
( t h e  butEon u i c h  t h r e e  d o t s 1  t o  f i n d  t h e  c o r r e c t  p a t h .  

14) S i m i l a r l y ,  you I n s t .  a l s o  d e f i n e  which t e x t  e d i t o r  DLMSW s h ' ~ u 1 d  u s e  [ u s u a l l y  
Norepad o r  WordFad) by  t y p i n q  t h e  c o r r e c t  f i l e  p a t h  in t h e  "Text  E d i t o r "  - .  
b;ock, o r  x i z g  t h e  Browse buLton t o  i o c a t e  t h e  c o r r e c r  r i l e .  S e e  above 
s c r e e n s h o t  f o r  exampLe of  u s i n g  WordPad u n d e r  Windows ST. 

15, For d e t a i l e d  i n s t : u c t i o n s  on u s i n g  t h e  program, p l e a s e  s e e  t h e  U s e r ' s  
Manuai ,  which c a n  be  a c c e s s e d  t h r o u g h  t h e  HELP pul i -down menu, o r  o p e c r d  
d i r e c t l y  f rom C:\DDMSW\3EL?\YANOAL.PDF. 





The following 1s a list of all the confimed bugs found so far. WL  is working to resolve these 
issues and we will post the patch on our website as soon as possible. In the meantime, piease 
be aware of these ~tems (especially 1, 2. 7 and 9) and pass this along to anyone vou know who is 
using the program. 

Chris Perry, P.E. 
Flood Control District of Mancopa County 
602-506-4001 Phone 
602-506-4601 Fax 
h t t p ~ . f c d . m a r i c o p a . g o v I  

1) The program allows the user to duplicate a current Project ID when creating a "new" project 
under the File pulldown menu. 

2) If a project includes subbasins that use the DeserVRangeland S-graph, DDMSW Issues the 
error message, "CSGRAPH not found when the user chooses the "Develop Draft Model 
Data" command from the HEC-1 pulldown menu. DDMSW then creates an incorrect HEC-1 
model. 

3) When importing soils data, the map units do not show up in "Detail" tab of the Soil Data 
editor. Similar probiems when importing land uses. This does not affect the data updates or 
creationiupdate of HEC-1 model. The only "problem" is that you don't see the map unit label 
in the detail tab. 

4) Cannot import from latest Excel version - the first record (row) is deleted during the process. 
User has to save in Excel version 5.0 format for import to workcorrectly. 

5j Program locks up when it encounters a nondefault map unit while updating soils data. You 
cannot choose a "nondefaulr' map unit from the pulldown, but you can enter one in the List 
tab. After that, you can't do anything else in the program. This is essentially a nuisance 
Issue that results from a typo or other input mistake. 

6)  if the dser specifies different methods for Basin and Reach Routing, there are errors in the 
HEC-1 model routing cards created by DDMSW. 

'7) Kb calculated incorrectly in the Rational Method module. 
Bj DDMSW does not allow user to change the number of ordinates on the IT card -always 

forces 2000. 
9) DDMSW does not update the HEC-1 file with changes to basin area (BA). 









Drainage Design Manual 
For 

Moricopa County 
Voiume I, Hydrology 

Comment Sheet 

Yoitr covments regarding this manuai are valuable to us! 

To help us determine what we can do to improve this 
manual so rha: it better suits your needs, piease take 
the time Zo fill out this form. Once completed, you can 
either FAX us a copy at (602) 506-4601, or mail i t  to 
us. Thanks! 

Whet did you like most about the Manual? - 

?hat dld you like least abo.at the Manual? 

- 
What recommendations or suggestions do you have for improving the 
M.?inual? 

Addizional Comments: 

Would you like 3s to contact you regarding the above? 

Your Name : 
Company Name : 
Address : 
City, State, & Zip: 
Area Code, Phone, & Extension:- 
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